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Organelle inheritance and RNA editing has been studied in Didymium iridis even though the 
genome has not been completely sequenced.  Four segments, comprising 66 kb, have been sequenced 
in the past.  Several approaches have been taken to complete the sequence including restriction 
mapping and southern hybridization, as well as screening clone banks by PCR with the sequence of 
contig ends.  In this study, genome walking was used to uncover sequences connecting the four 
segments.  Using genome walking, approximately 4,113 bp of new sequence was identified.  With the 
new sequence and the characterization of two previously sequenced D. iridis mt regions (3009 bp and 
5,257 bp), 21 new ORFs and 12 putative genes were found.  Although the new sequence data 
connected the four sequenced segments, a single circular genomic map could not be resolved.  
Instead, the data suggest that intragenomic recombination has occurred.  Further studies will be 





























 Virtually all present-day Eukarya have or had mitochondria (mt) at one time which has been 
useful in tracing phylogenic relationships within eukaryotes.  Although mitochondria have a 
conserved function, mt genomic structure, genomic content, and genomic arrangement can vary 
greatly even among related species.  Moreover, the general assumption that mt genomes are 
uniparentally inherited and homoplasmic, with no recombination, has been challenged.  
Myxomycetes are organisms that have particularly unconventional mt features such as biparental 
inheritance and recombination, however, only one Myxomycete mt genome has been completed, that 
of Physarum polycephalum.  Didymium iridis is a Myxomycete closely related to P. polycephalum, 
but its mt genome has been only partially sequenced and characterized. 
Completing the sequencing of the D. iridis mt genome has been problematic. The high A+T 
content has caused clone bank searches by hybridization to be unsuccessful and restriction maps of 
the genome have been contradictory.  Four contigs, (contiguous sequences of DNA), totaling 
approximately 58 kb of the total mt genome, were known at the start of this project.  In comparison, 
the P. polycephalum mt genome is 63 kb, suggesting that there was little of D. iridis mt genome left 
to be sequenced.  However, the relationship of these contigs, and the sequences that link them, are 
needed to complete the mt genome.  The purpose of this project was to determine the orientation of 
the four major contigs and complete the sequences that link them by using the Genome Walking 
method. 
Didymium iridis Background: 
Didymium iridis is a cosmopolitan species classified as a Mycetozoan in the subgroup, 
Myxomycetes (Figure 1; Baldauf et al., 2000).  Within the eukaryotes, the Mycetoza are the most 
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closely allied with the animal/fungal clade (Baldauf, 2003; Baldauf, 2008; Baldauf et al., 2000).  D. 
iridis can be found on decaying leaves, logs, and mosses, feeding on bacteria and yeast in both 
temperate and tropical areas (Alexopoulos, 1996; Collins and Betterley, 1982).  It has a life cycle that 
consists of a free-living haploid stage and a free living diploid stage, known as a plasmodium (Figure 
2; Alexopoulos, 1996).  The plasmodium is a defining feature of the Myxomycetes; it is formed 
following the fusion of two sexually compatible myxamoebae.  Diploid nuclei undergo mitosis 
without cytokinesis to form a multinucleated, amoeboid-like cell (Alexopoulos, 1996).  This feature, 
the plasmodium, distinguishes the Myxomycetes from the cellular slime molds which are also 
included in the kingdom, Mycetoza (Alexopoulos, 1996; Baldauf et al., 2000).  D. iridis has many 
distinctive features that have been the focus of recent studies.  Sexually compatible cells will only 
mate at high cell densities (Nader et al., 1984; Scheer and Silliker, 2006).  The pattern of 
mitochondrial inheritance is quite complex (Silliker et al., 2002).  Mitochondrial genes in D. iridis are 
extensively edited (Hendrickson and Silliker, 2010a; Hendrickson and Silliker, 2010b; Traphagen et 
al., 2010). 
Mitochondrial Evolution and Structural Diversity: 
According to the endosymbiont hypothesis, mitochondria arose from a once free-living 
bacterium, most likely an α-proteobacteria (Adams and Palmer, 2003; Gray et al., 1999).  Extant 
mitochondrial genomes are diverse in terms of gene content and arrangement, genome size, and 
structure (Adams and Palmer, 2003).  Mitochondrial genomes encode genes involved in oxidative 
phosphorylation and the mitochondrial translation apparatus (Bullerwell and Gray, 2004; Burger et 
al., 2003).  However, the extent of these processes vary significantly among species (Barbrook et al., 
2010).  Because of the relatively high mutation rate, compared with the nuclear genome, and the gene 
transfer and loss over time (Smits et al., 2007), it is unsurprising that mitochondrial genomes are the 
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most diverse in the group of organisms closest to the deepest roots of the eukaryotic tree, the 
microbial eukaryotes (Figure 3; Baldauf et al., 2000; Barbrook et al., 2010). 
 Microbial eukaryotes are not a taxonomically sound group and are vaguely defined as 
organisms not categorized as plants, animals, or fungi (McGrath and Katz, 2004).  Microbial 
eukaryotes are comprised of several unrelated groups with  unique and diverse properties, including 
their mitochondria (Baldauf et al., 2000).  Although the fundamental functional role is generally 
conserved, mitochondrial composition and structure can be notably different (Gray et al., 1999).  
Microbial eukaryotic mt genome sizes can range from absent (mitosomes) to thousands of kilo base 
pairs (kinetoplastids) and the gene structure, arrangement, and content can vary significantly 
(Barbrook et al., 2010).   
A typical mitochondrial genome is usually a single circular or linear chromosome (Burger et 
al., 2003), however, a few organisms defy these conventional genome structures.  Some organisms 
have mitochondria with multiple chromosomes and unusually complex structures.  For example, 
Kinetoplastid mt genomes consist of numerous interconnected circular structures of two different 
sizes known as mini- and maxicircles (Flegontov et al., 2011; McGrath and Katz, 2004) whereas the 
mt genome of Amoebidium has several hundred linear chromosomes with each categorized in one of 
three distinct sizes (Burger et al., 2003; McGrath and Katz, 2004).  Mt structural differences can vary 
among organisms within the same microbial eukaryotic group (Barbrook et al., 2010).  For example,  
although both are in the group apicomplexa, Plasmoidium has mtDNA arranged in tandem repeats 
(Wilson and Williamson, 1997), but Theileria mtDNA is in linear monomers (Kairo et al., 1994). 
The structural differences are few in comparison to gene content.  Gene content can vary 
greatly in rRNA, tRNA, and protein coding genes.  For example, 27 distinct tRNA genes are present 
in Rhodomonas salina mt genomes, but absent in apicomplexans and trypanosomatids (Gray et al., 
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1998).  Some microbial eukaryotes can have fragmented mitochondrial genes and long repetitive non-
coding regions (Adams and Palmer, 2003; Barbrook et al., 2010).  Plasmodium falciparum and 
Chlamydomonas reinhardtii are examples of organisms with highly fragmented rRNA genes (Adams 
and Palmer, 2003).  Long repetitive sequences are common among relatively larger mt genomes.  
Arabidopsis and Marchantia species are known to have these long non-encoding regions (Adams and 
Palmer, 2003).  The number of protein encoding genes can also greatly vary.  For example, jakobid 
mitochondria carry 100 protein encoding genes, but Plasmodium mitochondria carry only 5 protein 
genes (Burger et al., 2003).  Surprisingly, the mt size does not correlate with number of mt genes 
(Burger et al., 2003).  The mt size differences are mostly from length variations in intergenic regions 
with extensive tandem repeats and/or stem loop motifs (Burger et al., 2003). 
Gene arrangement in mt genomes, on the other hand, is more variable than gene content and 
can even vary drastically among related species (Barbrook et al., 2010; Flegontov et al., 2011).  For 
example, Chlamydomonas eugametos and C. reinhardtii have similar mt genes, but their arrangement 
is differs greatly.  In C. eugametos the genes are located on only one DNA strand whereas C. 
reinhardtii has genes on both strands (Barbrook et al., 2010).  Other examples include members of 
the Amoebozoa.   Acanthamoeba and Dictyostelium share the same respiratory genes and nearly all 
ribosomal genes with the exception of one, but the gene order is not well conserved (Adams and 
Palmer, 2003; Gray et al., 1998; Lang et al., 1999).  Another Amoebozan, P. polycephalum, was also 
determined to have similar gene content as Dictyostelium discoideum but very different gene 
organization.  However, the gene identification process was challenging in P. polycephalum due to 
the complex patterns of RNA editing (Beargie et al., 2008; Bundschuh et al., 2011; Takano et al., 
2001).  P. polycephalum mt genomic sequences only vaguely resemble the edited functional mRNA 
sequences (Takano et al., 2001).   
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Significance of the Mycetozoan Mitochondrial Genomes: 
Mitochondrial sequences can be useful in establishing evolutionary relationships and 
understanding population genetics, molecular evolution, and mitochondrial diseases (Barbrook et al., 
2010; Behura et al., 2011; Bota and Davies, 2001).  Mycetozoan mitochondria have distinctive 
characteristics that provide unique research targets.  There are two major groups within the 
Mycetozoa: the cellular and plasmodial slime molds;  D. discoideum and P. polycephalum, 
respectively, are the best characterized representatives of these two groups (Francione et al., 2011; 
Miller, 1993).  D. discoideum, a cellular slime mold or dictyostelid, is distinct from a myxomycete 
and is more distantly related to D. iridis than P. polycephalum which are both classified as plasmodial 
slime molds or myxomycetes.   Both of these organisms’ mitochondrial genomes have been studied 
(Ogawa et al., 2000; Takano et al., 2001).  
 D. discoideum’s mitochondria have been exemplars for diseases and cellular pathways found 
in humans (Francione et al., 2011).  D. discoideum has both unicellular and multicellular stages in its 
life cycle with numerous cell types providing an array of phenotypes in which to observe phototaxis, 
thermotaxis, macropinocytosis, phagocytosis, cell cycle progression, and amoeboid motility 
(Francione et al., 2011).  Some of these distinct phenotypes make D. discoideum an ideal organism in 
which to study certain mt diseases.  D. discoideum has been a useful model for studying immune and 
neurological deficiencies, such as the severe brain disease, Lissencephaly.  Lissencephaly is caused 
by a defective protein in the cytoskeleton from mutations in particular genes, such as LSI1, which are 
also found in D. discoideum (Francione et al., 2011).  Moreover, D. discoideum is a simple model to 
study complex human cellular pathways, such as necrotic cell death (Francione et al., 2011; Laporte 
et al., 2007).  Unlike animal cells, it lacks interference from other cell death mechanisms (Laporte et 
al., 2007).   Studies with D. discoideum have led to a better understanding of certain aspects of the 
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cytopathological pathways involved with other mitochondrial diseases such as Chediak Higashi 
Syndrome, Ceroid Lipofuscinosis, and Niemann Pick Disease (Francione et al., 2011). 
P. polycephalum is closely related to D. iridis, the focus of this study.  Analysis of large 
ribosomal subunit sequence data indicates that they diverged 400 – 500 mya (Johansen et al., 1992).  
P. polycephalum and D. iridis mitochondria have been extensively studied for their complex RNA 
editing systems (Hendrickson and Silliker, 2010a; Hendrickson and Silliker, 2010b; Miller, 1993; 
Takano et al., 2001; Traphagen et al., 2010).  In P. polycephalum, the mechanisms of transcriptional 
insertions and deletions and post transcription substitutions have been studied (Gott and Rhee, 2007).  
P. polycephalum mitochondria produce functional mRNAs, rRNAs, and tRNAs from an insertion of 
all four nucleotides which is more complex than RNA editing in other systems (Gott et al., 2005; 
Miller, 1993).  In addition, studies of mitochondrial inheritance in P. polycephalum and D. iridis have 
contributed to a broader understanding of organelle inheritance (Moriyama and Kawano, 2003; 
Silliker et al., 2002).  
Gene identification in P. polycephalum’s mitochondria is hindered because of its extensive 
RNA editing (Bundschuh et al., 2011). An ORF (open-reading frame) is a sequence of DNA 
nucleotides that begins with a start codon and contains a distinct termination codon so the sequence 
can potentially be translated into a polypeptide chain (Genetics Home Reference, 2007).  P. 
polycephalum lacks ORFs that can be translated into functional proteins. The nineteen of twenty 
ORFs identified in the mt genome of P. polycephalum are not translated into their predicted gene 
products (Bundschuh et al., 2011).  ORFs predicted by algorithms that take RNA-editing into account 
have led to the discovery of many genes, but others most likely remain to be identified (Bundschuh et 
al., 2011; Chen et al., 2012).  Though the complete transcriptome of P. polycephalum mitochondria 
has been characterized, the analysis was limited to genes expressed during ideal growth conditions 
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and log phase growth (Bundschuh et al., 2011).  Bundschuh et al. note that much of the mt genome 
was not transcribed during their experimental conditions and that other genes may be expressed under 
other conditions.  Furthermore, because ORFs have been maintained in P. polycephalum, it is likely 
that they may contribute to products at another stage of the life cycle or under different conditions 
(Bundschuh et al., 2011).  Determining the part of the life-cycle or growth conditions when these 
products are expressed may lead to the identification of these products (Bundschuh et al., 2011).  
Related organisms’ mitochondrial genomes that do not show RNA-editing were more readily 
analyzed.  When mt genomes of Acanthamoeba and Dictyostelium were sequenced, they were 
determined to have had nearly identical content (Adams and Palmer, 2003).  Only after the RNA 
editing analysis could the gene content of P. polycephalum be determined for comparison (Beargie et 
al., 2008; Bundschuh, 2004; Bundschuh et al., 2011; Gott et al., 2005).  
Myxomycete Mitochondrial Sequencing Complications:  
The P. polycephalum mt genome has been difficult to sequence and characterize (Takano et 
al., 2001). Unlike invariant stable animal mt genomes, microbial eukaryotes can exhibit greater 
variation caused by factors such as intron insertions, amplification of specific mtDNA sequences, 
inversion of sequences through inverted repeats and recombination, and the tandem repeat 
recombination events that form subgenomic molecules (Takano et al., 1992).  Early studies of the P. 
polycephalum mt genome yielded conflicting results between a linear or circular structure (Nakagawa 
et al., 1998).  Specific strains of P. polycephalum have a unique linear plasmid called the mF plasmid 
which assists in mitochondrial fusion during sporulation and zygote formation (Takano et al., 1992; 
Takano et al., 2010).  This differs from a universal mitochondrial fusion mechanism seen in yeast 
because this fusion is not observed in all P. polycephalum strains (Takano et al., 2010).  The mF 
plasmid can integrate within the host mitochondrial genome throughout the life cycle and may be 
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responsible for configuration changes that can cause alterations in cell function and reorganization of 
the mtDNA (Kawano et al., 1995; Takano et al., 2010).  After contradictory restriction maps and 
structural configuration, the mt structure was later determined to be circular, however, in specific 
strains, it can have a linear configuration when it is recombined with the mF plasmid (Nakagawa et 
al., 1998).  , P. polycephalum’s mt genome has a size of 62,862bp with 74.1% A+T content (Takano 
et al., 2001).  The strains with the mF plasmid had an extra 7.9 kb insertion (Nakagawa et al., 1998). 
 Like P. polycephalum, D. iridis’ mitochondrial genome has many of the same features such 
as extensive RNA editing and complex inheritance patterns (Chen et al., 2012; Moriyama and 
Kawano, 2003; Silliker et al., 2002; Traphagen et al., 2010).  Despite their similarities, they have 
noteworthy differences.  For example, the mitochondrial inheritance observed P. polycephalum has a 
hierarchy of mating-types that will predict the mitochondria donor in specific mating crosses whereas 
D. iridis do not show this hierarchy (Moriyama and Kawano, 2003; Silliker et al., 2002).  Between 
the two organisms, RNA editing patterns and editing sites can vary (Traphagen et al., 2010) so that 
some of the computationally predicted RNA-editing sites in P. polycephalum may not apply in D. 
iridis (Bundschuh, 2004).   
P. polycephalum and D. iridis anciently diverged with interesting similarities and differences 
that may be elucidated with the complete D. iridis mt sequence.  The completion of a second 
Myxomycete genome should help to reveal the degree of conservation and divergence in this group 
and also provide insight into the extent of gene conservation within the Mycetozoa (Adams and 
Palmer, 2003).  In addition, the availability of complete mt genomes for D. iridis and Physarum 
polycephalum may facilitate the discovery unidentified genes in both organisms.  Conserved 
sequence regions may represent genes obscured by their need for extensive RNA editing.   
Furthermore, the completion of the D. iridis’ mt genome should provide information about the mt 
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structure, gene content, and gene arrangement that may also help clarify the RNA-editing mechanism 
used by Myxomycetes (Traphagen et al., 2010; Bundschuh et al., 2011) .   
Proposed Research: 
Four major mitochondrial DNA contigs of D. iridis, strain Pan 2-16, had been sequenced: Di-
48, I, II, and A-H (Figure 4).  These contigs comprise approximately 66 kb of total mtDNA sequence.  
Since the P. polycephalum completed mt genome is approximately 63 kb, it seems likely that 
majority of the D. iridis mt genome remained to be sequenced.  However, like P. polycephalum, the 
assembly and sequencing of D. iridis has been difficult.  Previous attempts to search clone banks 
linking sequences by hybridization were not successful due to the high A+T content of the genome 
and restriction maps of the genome yielded contradictory results.  Furthermore, PCR failed to link 
any of the 4 major contigs.   
Genome walking provides a new approach to connect these major contigs and complete the 
assembly of the D. iridis mt genome.  This technique is used to determine an unknown sequence 
adjacent to a known sequence (Rishi et al., 2004).  Following DNA isolation, different restriction 
enzymes are used to create their respective restriction genomic libraries.  Adaptor Linker sequences 
are added and adhere to the ends of the cut segments in each of the libraries.  Then, Gene Specific 
Primers (GSPs) are designed from known sequence in the direction of unknown sequence and the 
Adaptor primers (AP) are designed from the Adaptor Linker sequence also in the direction of 
unknown sequence but from the reverse direction.  The polymerase chain reaction (PCR) is used to 
amplify the unknown sequence between the primers (Saiki et al., 1988).  Restriction enzyme site 
analysis on existing sequences can be used to exclude restriction libraries that would produce very 
short amplification products (Figure 5).  
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Although Genome Walking method seems promising, it has challenges.  PCR products may 
be of poor quality due to non-specific primer binding (Don et al., 1991).  The high A+T content, high 
number of repetitive sequences and long single nucleotide runs in the D. iridis mt genome makes 
primer design challenging.  Most GSPs had relatively low annealing temperatures and long primers 
were needed for adequate annealing temperatures necessary for amplification.  A drawback though 
with long primers though is that they are more difficult to design while avoiding hairpin-loops and 
dimer formations. To further increase specificity, Nested PCR, which uses two distinct primer pairs in 
two separate sets of PCR amplification reactions, was used (Figure 6). 
Touchdown PCR is another technique for increasing product specificity.  In Touchdown PCR 
the initial rounds of amplification and extension are at or above the primer annealing temperature to 
minimize non-specific primer binding (Don et al., 1991; Hecker and Roux, 1996; Roux, 1994).  In 
subsequent rounds of Touchdown PCR the annealing/ extension temperature is lowered.  Ideally the 
specific products generated in the first rounds of amplification out-compete non-specific template in 
the later rounds.  Conventional PCR amplification provides an alternative approach.  This method 
uses a lower annealing temperature for GSP annealing and a higher temperature for elongation.  Both 
Touchdown PCR and Conventional PCR have been used for genome walking. 
In this project, the Genome Walking method will be used to extend the four known contigs to 
fill in sequence gaps to construct a complete mt genome sequence. 
 
MATERIAL AND METHODS 
Didymium iridis Total DNA Isolation: 
 Didymium iridis Pan 2-16 was cultured as described in Silliker et al. (1988).  D. iridis 
amoebae were inoculated at a concentration of 5.0 X 10
4
 cells/mL along with 1.0 mL heat-killed 
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bacteria in 100mL of Peptone Glucose Yeast Extract (PGY) medium and incubated for 3 days at 
23°C with agitation at 150 rpm.  The DNA was isolated as described in Scheer and Silliker (2006). 
DNA samples incubated overnight at 4°C then at 65°C for 4 hours to get the DNA back in solution.  
The isolated DNA was extracted with equal volume of chloroform:isoamyl alcohol(24:1) before 
library construction. 
Genome Walking: 
Genome Walking was performed as outlined in the Clontech GenomeWalker Manual 
(Clontech, 2007).  Four Didymium DNA libraries were created.  Blunt-end digestions were done with 
the restriction enzymes: DraI, PvuII, StuI and EcoRV.  Total Didymium DNA (2.5µg) was digested 
with 80 units of restriction enzyme in 100µl reactions.  The samples incubated for 2 hours at 37°C, 
vortexed for 10 seconds and incubated at 37°C overnight.  Complete digestion was verified by gel 
electrophoresis.  Restriction digest reactions were extracted with phenol, followed by a second 
chloroform: isoamyl alcohol extraction (24:1).  The DNA was precipitated with 2 volumes (190µl) of 
ice cold 95% ethanol, 1/10 volume 3M NaOAc (pH 4.5), and 20µg of glycogen.  The samples were 
centrifuged at 18,000xg for 15 minutes at 4°C. The supernatant was discarded, and the pellets were 
washed with 100µl of ice cold 80% ethanol.  The pellets were then centrifuged at 18,000xg for 10 
minutes at room temperature. The supernatant was discarded and the pellet air dried.  Each pellet was 
resuspended in 20µl of 10mM Tris; 0.1mM of EDTA (TE 10/0.1) pH 7.5.  To determine the 
approximate quantity of the DNA, 1µl of each sample was run on a 0.6% agarose gel. 
Ligation of GenomeWalker Adaptors: 
The GenomeWalker Adaptors were ligated as outlined in manual provided in the Clontech 
Genome Walking Kit (Clontech, 2007).  In a clean 0.5mL tube, 4µl of each digested and purified 
DNA sample was mixed with 47.5pmol GenomeWalker Adaptor, 3 units of T4 DNA Ligase in 1 X 
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Ligation Buffer.  Samples were incubated overnight (~20hr) at 16°C.  Following incubation, ligase 
activity was inactivated at 70°C for 5 minutes.  The ligations were diluted with 72µl of TE (10/1), pH 
7.5.  A Human DNA sample provided by the GenomeWalker Universal Kit served as a positive 
control for ligation. 
Designing Primers: 
GSPs were designed using the Primer 2 Primer Designer Program (Scientific and Education 
Software, 1991).  These primers were designed from a known sequence (not necessarily a gene) in the 
direction of the sequence to be extended.  This program evaluates the annealing temperature, possible 
hairpin loops, dimer formation, nucleotide runs, and G+C content.  Ideally, the GSP were designed 
for a high annealing temperature, no nucleotide runs, and a high G+C content without dimer 
formations or hairpin loops. The most suitable primers for PCR amplification were chosen from this 
program.  
PCR Amplification: 
Amplification was performed by using nested Touchdown PCR or Conventional PCR.  The 
reaction mix, included: 10pmol GSP, 10µmol dNTPs, 10pmol Adaptor primer, 5µl of 10X Advantage 
2 PCR Buffer, 1µl 50X Advantage 2 Pol Mix, 1µl DNA from the restriction enzyme library in a final 
reaction volume of 50µl.  Touchdown, nested PCR was attempted first because of its ability to 
generate products with higher specificity.  However, if clearly defined PCR products could not be 
obtained, parameters were adjusted and/or conventional PCR was used.  The parameters that were 
adjusted included the number of cycles, DNA template concentration, and annealing temperature. 
Gel electrophoresis: 
The size and resolution of the PCR products were determined by running the samples on a 1 
% agarose gel.  
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Purification of PCR Products: 
The DNA from PCR reactions that produced distinct bands were purified using ZymoClean 
DNA Clean and Concentrator-5 columns as described in the ZymoResearch DNA Clean and 
Concentrator-5 Instruction Manual (ZymoResearch, 2011).   
DNA Concentration Measurement: 
The concentration of each sample was measured using NanoDrop model ND 1000 
(NanoDrop, 2004).  Samples with 260/230 and 260/280 ratios greater than 1.8 ratio were considered 
pure.  This instrument reports the abs at 230, 260, and 280nm.  The absorbance at 260nm is related to 
the DNA concentration.  Ratios at 260/230 and 260/280 evaluate organic solvent and protein 
contamination, respectively. 
TOPO Reaction: 
The fragments were cloned using TOPO – TA Cloning kit for Sequencing (Invitrogen, 2006) 
and TOPO 10 Chemically Competent Cells.  The TOPO reaction included 20ng-50ng of PCR 
product.  The manufacturer recommendations were followed except 1/5 concentration of vector was 
used. 
Plasmid Isolation: 
Plasmid DNA was extracted using the Alkaline Lysis Miniprep method (Ausubel et al,, 2002).  
Each clone was grown overnight (~24hrs) in 3mL of Terrific broth with an ampicillin concentration 
of 50µg/mL at 37°C with 200rpm agitation.  The overnight culture (2mL) was transferred to a 
centrifuge tube and centrifuged at high speed for 1 minute.  The supernatant was removed and each 
pellet was resuspended in 100µl of TE pH 8.0. The cells were then lysed with 200µl of a 0.2M 
NaOH/ 1% SDS solution and incubated on ice for 5 minutes.  Chromosomal DNA was precipitated 
by adding 150µl of 3M pH 4.8 KOAc and incubating on ice for 5 minutes.  The supernatant was 
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collected and the plasmid DNA was precipitated by adding 900µl of 100% EtOH and centrifuged for 
1 minute.  The pellets were washed with 70% alcohol to remove salts and resuspended in 50µl of TE 
pH 8.0 with 100µgm/mL concentration of RNaseA.  The samples were incubated at 37°C for 15 
minutes before storing at 4°C. 
Vector Insert Verification: 
The vector insert size was verified by EcoRI restriction enzyme digests which cuts the insert 
from the vector.  For each digest, 1µl of the plasmid DNA (20-50ng), 1µl of 10x buffer, 10 units of 
EcoRI enzyme were combined in a final reaction volume of 10µl.  The reactions were digested at 
37°C for 1 hour and loaded onto 1% agarose gel.  The samples were electrophoresed at a constant 
current of 125Amp for approximately 25 minutes and then stained with a (0.5µg/mL) Ethidium 
Bromide solution.   
Sequencing: 
Prior to sequencing, the minipreped samples were purified by ZymoClean DNA Clean and 
Concentrator-5 columns (ZymoResearch, 2011) and the concentration was measured using the 
NanoDrop (NanoDrop, 2004).  DNA template (150ng) was used for the sequencing reaction as 
outlined in BigDye Terminator V3.1 Sequencing Kit Protocol. (Applied Biosystems, 2002).  Each 
reaction consisted of 1.5µl of 5x sequencing Buffer, 1.6 pmol of T3 (forward) or T7 (reverse) primer, 
and 1.0µl BigDye Terminator version 3.1 in a final reaction volume of 10 µl.  Internal sequencing 
primers were designed for clones that needed additional sequencing.  The sequencing reaction 
thermal cycler profile was 25x [96°C for 10sec, 50°C for 5 sec, 60°C for 4 min] then 4°C hold.  Each 
sequence was precipitated and resuspended in 15 µl of HiDi.  The sequences were determined using 





The sequences were analyzed using Sequencher v. 4.0 (Gene Codes Corporation, 1999).  This 
program allowed the fragments to be trimmed of unresolved sequence and vector sequences.  The 
fragments then were assembled into contigs.  Each new sequence was analyzed by the BLAST suite-
website (Altschul et al., 1997).  The sequences that had similar matches with mt DNA of P. 
polycephalum were BLAST searched with translated protein sequences. The putative genes were 
identified from protein BLAST search with E-values less than 1e-
10
.  E-value (Expect value) is a 
calculated probability that sequences with similar scores (calculated by the sequence match and gaps) 
by chance will occur in a given database. Therefore, the more similar the alignment will have a lower 





All libraries not ruled out by restriction analysis (Figure 5), were initially used for genome 
walking.  Amplification was first tried with Touchdown, nested PCR, but if amplification was 
unsuccessful, parameters were adjusted.  Because all libraries had shown a high concentration of 
DNA following the first amplification, the libraries were diluted 10-fold.  The 10-fold diluted 
libraries were used for all amplifications.  Conventional PCR was used if Touchdown PCR did not 
produce any amplification product.  In some cases, the number of amplification cycles was lowered to 
improve specificity.  Conversely, if the quantity of product was minimal, then the numbers of 
amplification cycles were increased.  Nested PCR was used unless definitive products were obtained 
after the primary amplification (Figure 7; Table I).  At least three independent clones were sequenced 
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on both strands for extensions producing new sequence data.  The D7 and D9 contigs had only two 
clones because sequences were supported by previously obtained sequence data (Table II). 
The sequence extensions which were given the label with the experimenter’s first initial, D 
contigs, connected all four of the previous major contigs.  The D1, D2, and D4 contigs contributed 
new sequence and connected the major contigs whereas the D5, D6, D7, and D9 contigs only aided in 
the analysis.  The new sequence totaled 4113 new bp.  Together with the new sequence data and the 
two other mt genome regions analyzed (3009 bp and 5257 bp) 21 ORFs, and 12 putative genes were 
found: NADH dehydrogenase 9 (nad9), NADH dehydrogenase G (nadG), ribosomal protein L6 
(rpL6), ribosomal protein L14 (rpL14), ribosomal protein L19 (rpL19), ribosomal protein S2 (rpS2), 
ribosomal protein S8 (rpS8), ribosomal protein S13 (rpS13), ribosomal protein S14 (rpS14), 
ribosomal protein S16 (rpS16), and sequences similar to Physarum hypothetical protein 22 (php22) 
and Physarum hypothetical protein 23 (php23).  Interestingly, a sequence located in D4 showed 
similarity to a portion of the P. polycephalum mF plasmid.   
D1 Contig:  
The D1 contig primers, D1GSP1 and D1GSP6, were designed from Contig Di-48 (Figure 4; 
Table I).  Conventional, nested PCR using D1GSP1 as the primary GSP and D1GSP6 as the 
secondary GSP produced two prominent bands in the StuI library (Figure 7).  Five independent 
clones were sequenced and combine to make the D1 contig for a total of 596 bp (Table II; Table III).  
Although, D1-S-1 and D1-S-12 clones were 2500 bp, the reverse sequences did not match any of the 
known sequences and therefore, there was not adequate support for these sequences to design internal 
primers.  D1 contig added 518 new bp which included a portion of putative gene, rpS16 (Table IV; 
Appendix 1; Appendix 2), and 2 ORFs. ORFs ORF D1–1 and ORF D1–2 have lengths of 426 and 




The D2 contig primers, D2GSP1 and D2GSP2, were designed from Contig I (Table I). These 
primers produced definitive products from Touchdown, nested PCR method from the StuI library. Six 
clones were sequenced from this amplification (Table II; Table III).  Interestingly, one of the 
sequences, D2-S-14, immediately overlapped with Contig A-H.  However, due to the size of some D2 
clones, such as D2-S-14, interior primers were designed to complete the sequencing (Table V).  The 
completion of the D2 contig extension bridged Contig I and Contig A-H.  The D2 contig is 2510 bp 
in total length with 2101 new base pairs.  Putative genes nad9 and rpS13 (Table IV; Appendix 2) and 
4 ORFs were also found in within the D2 contig.  Putative gene rpS13 is mostly located in the D2 
contig but slightly overlaps (22 bp) Contig I (Appendix 1).  ORFs ORF D2-1 and ORF D2-2 are 
oriented in the same direction with lengths of 171 and 132 bp, respectively, whereas, ORF D2-3, 
ORF D2-4, and ORF D2-5 are oriented opposite direction with lengths of 258, 129, and 438 bp, 
respectively (Figure 9; Appendix 1).   
D4 Contig:  
The D4 contig primers, D4GSP1 and D4GSP2, were designed from the D1 contig (Table I).  
Touchdown, nested PCR produced definitive products from the Stu I library (Table II; Table III).  
Four clones were sequenced from this amplification.  An interior primer, D4GSP3 was designed to 
complete the large sequences of D4-S-4 and D4-S-8 (Table V).  Together, these sequences combine 
to make the D4 contig.  The D4 contig is 2049 in total length with 1494 new base pairs and 3 ORFs.  
Putative gene php22 was found in the overlap region of the D4 contig and Contig I (Table IV; 
Appendix 1, Appendix 2).  Interestingly, a partial sequence of the mF plasmid from P. polycephalum 
shows similarity with sequence found in the D4 contig.  ORFs ORF D4-1 and ORF D4-2 are oriented 
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in the same direction with lengths of 201 and 198 bp, respectively, whereas, ORF D4-3 is oriented in 
the opposite direction with a length of 117 bp (Figure 10; Appendix 1).   
D5, D6, and D9 Contigs: 
The D5 contig primer, D5GSP1, was designed from Contig II (Table I).  Touchdown, primary 
PCR produced definitive products from the EcoRV and StuI libraries.  Eleven clones were sequenced 
and combine to make the D5 contig (Table II; Table III).  The D5 contig has a total length of 1078 bp 
and added 417 bp to Contig II.  To extend the sequence further, the D6 contig primers, D6GSP1, 
D6GSP2, and D6GSP3 were designed from the D5 contig (Table I).  D6GSP1 is the primary GSP and 
D6GSP2 is the secondary GSP; however, D6GSP3 was used as a primary GSP and D6GSP1 as the 
secondary primer for a separate amplification to verify the final 215 bp of the D5 contig.  
Touchdown, nested PCR was used and four clones were sequenced to create the D6 contig which 
totals 601 bp (Table II, Table III).  The D6 contig verified the final 215 bp of the D5 contig and added 
another 437 bp.  To extend the sequence of Contig II from the opposite end as the D5 and D6 contigs, 
D9GSP1 was designed from Contig II.  The D9 contig consists of two sequenced clones produced 
from Conventional, primary PCR (Table II, Table III). The D9 contig has a total 700 bp with 319 bp 
extending the other end of Contig II (Figure 11).  Together the D5, D6, and D9 contigs indicated that 
Contig II with the D5, D6, and D9 contigs are sequences already within part of Contig Di-48 (Figure 
12). 
D7 Contig: 
 The D7 contig primers, D7GSP1 and D7GSP2, were designed from the D4 contig (Table I).  
Touchdown, nested PCR produced definitive products and subsequently two clones were sequenced 
(Table II; Table III).  The D7 clones linked with the D4 contig to Contig I.  One sequence from D7-E-
20 
 
4, with a length of 492 bp, overlapped with Contig I and verified the D4 contig alignment with Contig 
I (Figure 13).  Internal primers were not designed to connect the D7-E-3 and D7-E-4 sequences. 
The link of the D4 contig with Contig I was the final connection to complete a contiguous 
sequence containing of all four major contigs: Di 48, I, II, and A-H – comprising a total of 69,050 bp 
(Figure 14).   
Contig Di-48 end and Contig I Analysis: 
 Prior to the start of this project, 5,257 bp of new sequence data was added to the end of Contig 
Di-48 (D1 contig side), however, the sequence content had not yet been analyzed.  My analysis found 
four putative genes and nine new ORFs.  The putative genes found in this sequence are nadG, rpS2, 
rpL19, and rpS16 (Table IV; Appendix 2).  Putative gene rpS16 is mostly located in Contig Di-48, 
but overlaps 43 bp in D1 contig (Figure 8; Appendix 1).  ORF D–1, ORF D–2, ORF D–3, ORF D-4, 
and ORF D–5 are oriented in the same direction with lengths of 147, 186, 114, 207, and 270 bp, 
respectively, whereas, ORF D–6, ORF D–7, ORF D–8, and ORF D–9 are oriented in the opposite 
direction with lengths of 108, 114, 186, and 138 bp, respectively (Figure 15; Appendix 1).  
 The analysis of Contig I revealed six putative genes and three new ORFs.  The putative genes 
located in Contig I are rpL6, rpS8, rpS14, php23, rpL14, and php22 (Table IV; Appendix 2).  Putative 
gene php22 was found in Contig I and overlapped 95 bp with the D4 contig (Figure 10; Appendix 1).  
In addition, putative gene rpS13 slightly overlaps with Contig I (22 bp), however, it is mostly located 
in the D2 contig (Figure 9; Appendix 1).  ORF I-1, and ORF I-2 are oriented in the same direction 
with lengths of 126 and 150 bp, respectively, whereas, ORF I-3 is oriented in the opposite direction 






The D10 contig primer D10GSP1 was designed to extend the Di-48 end opposite of the D1 
contig to complete mt genomic structure (Table I).  Six clones were sequenced from Touchdown PCR 
that created the D10 contig (Table II; Table III).  However, the D10 contig sequence extended into 
the interior of Contig Di-48, creating a loop.  Moreover, the other end of the 69 kb contig, the Contig 
A-H end, also was found to align with another part of Contig Di-48 creating another loop (Figure 17).  







The D contigs created by Genome Walking successfully connected the 4 major contigs and 
assembled them into a single 69,050 bp contiguous sequence.  Notably, 12 putative genes and a 
region similar to the mF plasmid in P. polycephalum were identified from the analysis.  In addition, 
21 ORFs were also identified in the analyzed sequences.  However, the structure of the D. iridis mt 
genome remains to be determined. 
D. iridis Mitochondria Genome Analysis: 
Gene content identified in D. iridis appears to be mostly conserved in comparison to the two 
Mycetozoan representatives: D. discoideum and P. polycephalum.  The twelve newly identified D. 
iridis putative genes presented in this research has clarified this comparison.  Previously, eleven 
respiratory genes and six mt ribosomal protein genes had been identified in D. iridis (Hendrickson 
and Silliker, 2010a; Hendrickson and Silliker, 2010b; Traphagen et al., 2010).  Recently, five 
additional respiratory genes (cox3, nad1, nad2, nad4, and nad5), two additional ribosomal proteins 
(rpS4 and rpS11) and the large and small ribosomal RNA genes have also have been identified in D. 
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iridis (Grewe and Silliker unpublished).  Until recently P. polycephalum was thought to lack genes 
present in other members of the Mycetozoa, though it was suspected that the absence might be due to 
the inability to identify extensively edited genes (Adams and Palmer, 2003).  A deep RNA 
sequencing project undertaken in P. polycephalum by Bundschuh et al. 2011 revealed many more mt 
genes.  These sequences allowed the identification of the cognate genes in D. iridis.  The D. iridis 
genes appear to be similar to the genes in both D. discoideum and P. polycephalum. In comparison 
with D. discoideum,  D. iridis matches 13 of 15 ribosomal protein genes and 18 of 19 oxidative 
phosphorylation/ respiratory genes found in D. discoideum(Table 6; Grewe and Silliker unpublished 
data; Ogawa et al., 2000). 
  D. iridis mt gene content similarity is even greater when compared with P. polycephalum.  
All 12 putative genes identified in this research were also found in P. polycephalum (Appendix 2).  In 
fact, in the present D. iridis mt genome, all 16 ribosomal protein genes/putative genes and all 18 
oxidative phosphorylation/ respiratory genes/putative genes of P. polycephalum have been identified 
in D. iridis (Table 6; Grewe and Silliker unpublished; Beargie et al., 2008; Bundschuh et al., 2011; 
Gott et al., 2005; Takano et al., 2001).  Furthermore, the only genes in P. polycephalum not found in 
D. iridis mt genome are hypothetical proteins php15, php24, php25 and a rare mt gene 5sRNA 
(Bundschuh et al., 2011).  In addition, other P. polycephalum genes still may be identified in D. 
iridis, but the identification process is hindered by the RNA-editing mechanisms. Typical 
mitochondrial genes in D. iridis have been known to be littered with stop codons (Traphagen et al., 
2010) and therefore, difficult to determine the genes simply by locating ORFs (Gott et al., 2005).  The 
present D. iridis putative gene alignments with P. polycephalum presented in Appendix 2 clearly 
suggest RNA editing.  The C insertion editing, in particular, is evident in all putative genes identified 
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in this project (Appendix 2).  With only three hypothetical protein genes and one 5S RNA gene in P. 
polycephalum but not identified in D. iridis, the D. iridis mt genome may be complete. 
There were also 21 new ORFs identified in this research.  However, these might not be 
transcribed or translated into protein products.  For example, 19 of the 20 ORFs in P. polycephalum 
were not transcribed (Beargie et al., 2008; Gott et al., 2005). Furthermore, only approximately 40 % 
of the P. polycephalum genome is transcribed under normal growth conditions (Bundschuh et al., 
2011).  However, Bundschuh et al. (2011) does note that because these ORFs are maintained in the 
organelle genome, they most likely are expressed at some point during the P. polycephalum life 
cycle.  In D. iridis, eleven of twenty-one ORFs were found within putative gene sequences.  Whether 
the D. iridis ORFs identified in this research are transcribed and translated into their predicted protein 
products remains to be determined. 
Among the putative genes found in D. iridis, two were hypothetical protein genes (php22 and 
php23) previously only found in P. polycephalum.  These genes are considered hypothetical because 
they could not be matched with any other gene in any other organism and the products from these 
genes are not known.  Therefore, these genes cannot technically be considered functional.  However, 
similar sequences of two hypothetical protein genes were also found in D. iridis.  Because P. 
polycephalum and D. iridis have diverged 400-500 mya and these genes are still conserved, it is 
likely that these genes are functional.  
The gene arrangement of D. iridis does not resemble either P. polycephalum or D. discoideum 
(Ogawa et al., 2000; Takano et al., 2001).  This is not surprising, because the gene arrangement 
among other Mycetozoa is not well conserved (Adams and Palmer, 2003; Barbrook et al., 2010).  
Although D. iridis does not resemble P. polycephalum in gene arrangement, they share many gene 
clusters.  Gene clusters can be associated with polycistronic transcripts which are defined as 
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transcripts encoding for two or more proteins on a single mRNA transcript (Haiwei et al., 2009).  Of 
the 12 putative genes identified in this research, 11 may be parts of potential polycistronic transcripts: 
nadG/rpS2, rpS16/rpL19, and rpL14/php23/rpS14/rpS8/rpL6/rpS13/nad9.  All three of these gene 
clusters have been identified in P .polycephalum.  Moreover, additional gene clusters in D. iridis from 
previous research were also found in P. polycephalum: rpS12/rpS7/rpL2/rpS19, atp8/nad4L/atp6, 
cox3/nad6, and rpL16/rpS3. Although D. iridis may have similar clusters of genes as well as possible 
polycistronic transcripts as P. polycephalum, the gene cluster positioning relative to each other appear 
to vary between the mt genomes.  
Although the proposed D. iridis mt genome model of 69,050 bp has a similar gene number 
content compared to other Mycetozoans, its structure remains problematic. Extensions of the D10 
contig and Contig A-H sequences leading into Contig Di-48 suggest that recombination events have 
occurred.  Furthermore, according to BLAST searches, similarities with partial sequences from the P. 
polycephalum mF plasmid were discovered in the D4 contig and also in Contig Di-48 and Contig A-
H from previous research (Buber, 2009).  In P. polycephalum, the mF plasmid is involved with 
mitochondrial fusion during mating and with increasing life span (Nakagawa et al., 1998; Takano et 
al., 2010).  Interestingly, the mF plasmid can also cause mt recombination during zygote formation 
and mtDNA rearrangements at various regions in the P .polycephalum mt genome (Takano, 2000; 
Takano et al., 2010).  Although the mF plasmid has not been found in separate linear form in D. 
iridis, the sequence similarities suggest its presence in the past.  The sequences similar to the mF 
plasmid in D. iridis are not located in close proximity to each other in the present model, which may 
suggest that the model is either improperly constructed or possibly only remnants remain from a once 
active linear plasmid that became permanently but partially integrated within the mt genome. The 
latter has been known to occur.  For example, in the Agrocybe aegerita mt genome, inverted repeats 
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of nad4 genes are present and suspected to have been caused by a permanent integration with an 
ancestral linear plasmid (Ferandon et al., 2008).  D. iridis has an inverted repeats in Contig Di-48 
with the duplication atp9 and nad3 genes.  But, whether the D. iridis mt genome does in fact have 
duplications of  the atp9 and nad3 genes or simply a single copy that has been misinterpreted as 
duplicates because of multiple recombination points, remains to be determined. 
Given that the current size of D. iridis mt genome (69,050 bp) is approximately 7 kb more 
than P. polycephalum (62,862 kb), (Ogawa et al., 2000; Takano et al., 2001), it may be likely 
complete or very close to complete.  However, the finding of possible plasmid remnants in D. iridis 
indicates that it is possible that the genome may be larger than previously anticipated. The P. 
polycephalum mF plasmid is approximately 14kb and if a plasmid of that size had become permanent 
in the D. iridis mt genome, more sequence may remain to be identified.  Whether the remaining 
potential P. polycephalum genes such as php15, php24, php25, and 5sRNA are located in D. iridis and 
have not been identified or they simply do not exist in D. iridis remains to be determined.  Resolving 
the recombination points may lead to a confident picture of the degree of completion. 
Future Directions:  
 
To verify the complete D. iridis mt genome sequence and structure, the role of an mF-like 
plasmid and its possible recombination points need to be clarified.  Determining the recombination 
points will provide more information about the similarity to the P. polycephalum mF plasmid 
sequences located in the D. iridis mt genome.  The two most obvious recombination points, the atp9 
and nad3 inverted sequences (associated with the D10 contig extension) and the overlap of Contig A-
H with Contig Di-48 critically need resolution.  Unfortunately, these recombination points are not the 
only possibilities. There are a number of repeated sequences located in the D. iridis genome.  
Although these sequences do not necessarily indicate recombination points, they are possible 
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recombination sites.  The identification of mF plasmid partial sequences in multiple locations within 
the D. iridis genome has complicated the structure and left many questions unanswered.  To 
determine whether these plasmid-like sequences identified in D. iridis mt genome are evidence for a 
D. iridis version of the mF plasmid or simply leftover footprints of past plasmid activity, a further 
clarification of the recombination points is needed.  One way to test this would be locate the sequence 
junction points where sequences start to be contradictory.  Design one primer from the sequence that 
is complementary and then design other primers from each contradictory sequence.  In separate 
amplifications, use the complementary sequence primer with each primer from contradictory 
sequences and the primers that show the amplification and are verified by sequencing, are supported 
to have a connection.  
Another issue that arises with the presence of the mF plasmid-like sequences found in D. 
iridis is the possible effect on its mt inheritance.  A mating-type hierarchy dictates the inheritance of 
the mtDNA in P. polycephalum strains and it specifically depends on the allele at the matA locus 
found in the nuclear genome. Interestingly, the mF plasmid inheritance is independent of  this mating-
type hierarchy (Takano et al., 2010).  In the presence of a clear hierarchy between the two mating 
strains, the dominant strain will donate its mtDNA uniparentally, however, if present, the mF plasmid 
is donated regardless of hierarchy (Takano et al., 2010).  Mating strains with similar positions in the 
mating hierarchy, when one strain has the mF plasmid, can lead to mitochondrial fusion and 
recombination between the two parental mt genomes along with inheritance of the mF plasmid.  
Whether mF plasmid causes recombination depends on the mating-type hierarchy in P. 
polycephalum, but this hierarchy is not observed in D. iridis.  It is unclear what effect, if any, the 
partial mF plasmid sequences have on the lack of mating-type hierarchy seen in D. iridis.  
27 
 
Investigating the mF plasmid partial sequences found in D. iridis may reveal more information 
regarding the recombination events or help explain the lack of hierarchy observed in D. iridis.  
 Although genome sequence may be complete, the current map may be only a snapshot of 
various permutations of the genome resulting from recombination.  To resolve this issue, a new clone 
library will need to be constructed using a cloning system that clones larger fragments and in linear 
conformation.  Larger fragment, linear conformation clones will increase stability, decrease 
recombination in repetitive regions and can include sequence extensions around junctions to find an 
alternative (non-recombinant sequences).  A cloning system that provides these advantages is the 
BigEasy v2.0 Linear Cloning System.  This system uses pJAZZ vectors to clone any size fragment up 
to 30 kb and has the ability to clone AT-rich and highly repetitive sequences (Godiska et al., 2010). 
The presented model of the mtDNA genome still leaves some questions unanswered.  
Although the D. iridis mt genome appears to be mostly complete with a 69,050 bp contiguous 
sequence containing almost all identified genes in P. polycephalum, extensions of both ends suggest 
that recombination events have occurred. The mF plasmid sequences and points of recombination 
need to be analyzed and clarified.  Until these problems are addressed, the complete D. iridis mt 
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D1 D1GSP1 5’-TTGTTTGTTAAACATCACCCGCAATACTTTACCGT-3’ 61.6 1° 
D1GSP6 5’-TCATAACGACACCCGCACGTATCTTCTTCTTGCT-3’ 64.5 2° 
D2 D2GSP1 5’-ATGAATAGACCTCAGTATCAAGTTGACGTTCATAAG-3’ 59.0 1° 
D2GSP2 5’-TCTATACGGCAAAGGTATTTTTTCACGCAATG-3’ 59.4 2° 
D4 D4GSP1 5’-CGACACCCGCACGTATCTTCTTCTTGCTAA-3’ 63.0 1° 
D4GSP2 5’-AATGTTCCTCAGATGTTTGGCTTATGTTCG-3’ 59.2 2° 
D5 D5GSP1 5’-TAACTGTAACGGGCATCATCTTATTTTGGAGTCTT-3’ 60.6 1° 
D6
c 
D6GSP3 5’-TTCGTTCTTGGTTCTACAAATGCAAGCATATCTCG-3’ 61.4 1° 
D6GSP1 5’-ATGGTTCTGGGCCTAAAGATAATCCGAGCAAGCCT-3’ 65.8 1° /2° 
D6GSP2 5’-CCTAAAGAAAATATACGCTTCCCTAAAGATTGGCT-3’ 59.7 2° 
D7 D7GSP1 5’-TCACGTGTCTCCAAAAATAATATCACAAATCCCAA-3’ 59.8 1° 
D7GSP2 5’-TGCCTCGATAAATACACTCTTTATATTATTTAGGT-3’ 56.1 2° 
D9 D9GSP1 5’-TAAGACTCCAAAATAAGATGATGCCCGTTACAGTT-3’ 60.6 1° 
D10 D10GSP1 5’-AGATTACTTAAATAATTCGGGCGACAAGAC-3’ 57.0 1° 
 
a
  Tm is the primer annealing temperature calculated by Integrated DNA Technologies.  
 
b 
 Indicates whether the primer was used for the primary (1°) or secondary (2°) PCR reaction.  
 
c 
 D6GSP3 was used as the primary GSP with D6GSP1 as the secondary GSP in a one experimental run.  



















Table II: Amplification Conditions and Products 
 


















D1-S-1 (2500) D1-S-12 (2500)  
D1-S-3 (650) D1-S-4 (650) D1-S-5 (650) 
D2 Touchdown PCR B 72; 67 D2-S-14 (3000) 
D2-S-4(1800), D2-S-15 (1800) 
D2-S-5 (1200), D2-S-6 (1200) 
D2-S-13 (700) 
D4 Touchdown PCR B 72; 67 D4-S-8 (2000) 
D4-S-4 (1650) 
D4-S-2 (1000), D4-S-3 (1000) 
D5 Touchdown PCR B 1°- 72; 67 D5-S-2 (1200)D5-S-4 (1200) 
D5-S-5 (950), D5-E-1 (950), D5-E-2 (950)  
D5-E-3 (950), D5-E-4 (950), D5-E-6 (950) 
D5-E-5 (800) 
D5-S-6 (700), D5-S-7 (700) 
D6 Touchdown PCR B 72; 67 D6-S’-4 (2700) 
D6- E-5 (1700) 
D6- E-2 (600) 
D6-P-1 (500) 
D7 Touchdown PCR B 72; 67 D7-E-4 (3000 bp) 




+ 5 cycles 
1°- 59 D9-E-1 (800 bp), D9-E-3 (800 bp) 
D10 Touchdown PCR B 
+ 5 cycles 
 
1°- 72; 67 D10-S-1(3500 bp), D10-S-2 (3500 bp) 
D10-P-2 (2800 bp), D10-P-4 (2800 bp) 
D10-E-4 (1050 bp), D10-E-5 (1050 bp) 
 
a
  See Table III for details of the Conventional and Touchdown PCR cycle profiles. 
 
b
  Tanneal is the Tm of the annealing temperature for Conventional PCR and the annealing/ extension      
temperature for Touchdown PCR. The primary and secondary symbols are indicated in Table 1. Primary and 
Secondary PCR temperature profiles are indicated and no indication for amplifications with the same 
temperature for both primary and secondary PCR amplification. 
 
c  











Table III: Conventional and Touchdown Cycle Profiles 
 
A. Conventional PCR 
1x cycle 20x cycle 1x cycle 1xcycle 




 72°C 3min 72°C 7min 4°C ∞ 
 
B. Touchdown PCR 
5x cycle 20x cycle 1x cycle 1x cycle 
94°C 25sec  72°C 3min 94°C 25sec  67°C 3min 67°C 7min 4°C ∞ 
 
a




















































nadG Di-48 end 1611-2620 19300-20316 8e
-61
 HQ849408 
rpS2 Di-48 end 2591-3957 20278-21633 1e
-28
 HQ849424 
rpL19 Di-48 end 5013-4449 34988-35540 2e
-14
 HQ849415 
rpS16 D1/Di-48 end 43-1/ 5257-5013 34704-34988 7e
-55
 HQ849422 
php22 D4/I 1400-1494/1-839 23758-30693 1.1e
-14
 HQ849409 
rpL14 I 976-1330 38985-39338 3e
-23
 HQ849413 
php23 I 1330-1814 39338-39844 4e
-17
 HQ849410 
rpS14 I 1814-2078 39823-40087 1e
-32
 HQ849421 
rpS8 I 2079-2516 40088-40509 1e
-28
 HQ849428 
rpL6 I 2513-2998 40506-40972 2e
-15
 HQ849417 
rpS13 I/D2 2988-3009/1-529 40979-41517 4e
-68
 HQ849420 


















  Sequences obtained from the P. polycephalum complete mt genome (Takano et al., 2001). 
 
b
  E-value is determined by the similarity of D. iridis mtDNA to P. polycephalum mtDNA. See Sequence             
Analysis in the Methods section. 
 
c
  mRNA accession # from P. polycephalum gene (Bundschuh et al., 2011). 
 
d
  mRNA accession # from P. polycephalum gene (Beargie et al., 2011). 
 
e





Conserved domain; not a putative gene. 
 
g












Table V: Additional Sequencing Primers 
 









(P3) D2S6 5'-AGCCGTTGGATCTCATTCTG-3' 54.8 D2-S-4 D2S6 
D2-S-14 D2S6 
(P4) D2S15B 5'-AGTGCTTCTAAGCTCCTTGC-3' 55.0 D2-S-4 D2S15B 
D2-S-14 D2S15B 
(P5) D2S15A 5'-GCAACAGAATGGTTCGTAGG-3' 53.7 D2-S-14 D2S15A 
(P6) 14XBP17 5'-TGGATTTTCTCTTGAAAACGCAT-3' 53.5 D2-S-14 14XBP17 
(P7) XBP17 5’-CACCAATTTAGCCAACGTTA-3’ 50.9 D2-S-14 XBP17 
(P8) D3GSP3 5'- CCATTCATAGAACAACCTGCATCCTTTTTTACGGC -3' 62.2 D2-S-14 D3 
 





  Sequences 
Produced 































Table VI: mt Protein Gene Comparison 
A. Respiratory/ Oxidative Phosphorylation Genes     B. Ribosomal Protein Genes 
         
 Dd
a
 Di Pp     Dd Di Pp 
nad1 ●b ● ● rpL2 ● ● ● 
nad2 ● ● ● rpL5 ● - - 
nad3 ● ● ● rpL6 ● ●c ● 
nad4 ● ● ● rpL11 ● - - 
nad4L ● ● ● rpL14 ● ●c ● 
nad5 ● ● ● rpL16 ● ● ● 
nad6 ● ● ● rpL19 - ●c ● 
nad7 ● ● ● rpS2 ● ●c ● 
nad9 ● ●c ● rpS3 - ● ● 
nad11 ● - - rpS4 ● ●c ● 
nadG - ● c ● rpS7 ● ● ● 
cox1 ● ● ● rpS8 ● ●c ● 
cox2 ● ● ● rpS11 ● ●c ● 
cox3 ● ● ● rpS12 ● ● ● 
cytb ● ● ● rpS13 ● ●c ● 
atp1/atpA ● ● ● rpS14 ● ●c ● 
atp6 ● ● ● rpS16 ● ●c ● 
atp8 ● ● ● rpS19 ● ● ● 
atp9 ● ● ●     
         
a
  Taxa abbreviations are, D. discoideum; Dd, D. iridis; Di, P. polycephalum; Pp 
 
b
  ● indicates gene presence, - indicates gene not identified 
 
c







Figure 1: Kingdom Level Phylogeny of Eukaryotes (Baldauf et al. 2000).  The placement of 
Mycetozoa clade within eukaryotes is presented.  The Physarum phylogenic branch represents the 



















Figure 2: The Myxomycete Life Cycle (Alexopoulos, 1996).  D. iridis has a free-living haploid 
stage and a free-living diploid stage.  The defining feature of Myxomycetes is depicted in stage F, the 



















Figure 3: Major Taxonomic Groupings within Eukaryotes (modified from Lang et al., 1999).  
Microbial eukaryotes are not a monophyletic group. The term describes several distinct Eukarya 
groupings that do not include the plants, animals, or fungi.  Microbial eukaryotes represent most of 


















Figure 4: Major Starting Contigs.  Contig Di-48, Contig A-H, Contig I, and Contig II represent the starting major contigs that needed to be 



























Figure 5: The Restriction Library Selection for Genome Walking by PCR.  PvuII, DraI, EcoRV, and StuI DNA libraries were created for 
Genome Walking. However, not all libraries were used for amplification.  The Gene Specific Primers (GSP) were designed from known sequences 
upstream of unknown sequences.  The Adaptor Primer (AP) is based on the added linker sequence.  The known sequence was analyzed for the 
recognition sites for the four restriction enzymes used to make the libraries.  If a recognition site for one of the enzymes was found close to the GSP 














 Pvu II =   Stu I =   Dra I =  











Figure 6: Nested PCR.  Gene Specific Primers (GSPs) were designed from known sequence in the direction of unknown sequence.  The Adaptor 
sequence primers (AP) were designed from the Adaptor linker sequence also in the direction of unknown sequence but on the opposite strand and 
were provided in the Clontech Genome Walker Universal Kit.  The 1° PCR product was obtained using the desired restriction enzyme library DNA 
as the template with primers GSP 1° and AP 1°.  The 2° PCR product was obtained using the 1° PCR product as the template with primers GSP 2° 
and AP 2°.   
 
Adaptor Sequence 
AP 1° Primer 
 
Known Sequence Unknown Sequence 
GSP 1° Primer 
 
GSP 2° Primer AP 2° Primer 
 
1°  PCR Product 
2°  PCR Product 













Figure 7: Gel Electrophoresis of Amplification Products. This gel shows D1 final PCR results after adjustments.  Lanes 1 and 4 are results from 
the PvuII library and represents non-specific amplification.  Lanes 2 and 5 are results from the StuI library that show distinct bands.  Lane 3 is a 1 kb 
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Figure 8: D1 Contig. D1GSP1 is the primary GSP and D1GSP6 is the secondary GSP.  The putative gene rpS16 was found in the overlap region of 
Contig Di-48 and the D1 contig.  Two ORFs were located within the D1 contig and oriented in opposite directions.  ORF D1–1 and ORF D1–2 are 
























Figure 9: D2 Contig.  D2GSP1 is the primary GSP and D2GSP2 is the secondary GSP.  Several internal primers were designed to complete the 
internal sequence (see Primer Key and Table V).  Putative genes nad9 and rpS13 were found in within the D2 contig.  Note rpS13 is located in the 
D2 contig and continues slightly in Contig I. Five ORFs were located within the D2 contig. ORF D2-1 and ORF D2-2 are oriented in the same 
direction with lengths of 171 bp and 132 bp, respectively.  ORF D2-3, ORF D2-4, and ORF D2-5 are oriented in the opposite direction with lengths 
of 258 bp, 129 bp, and 438 bp, respectively.  The D2 contig has a total length of 2510 bp with 2101 new bp. D2-S-14 T7 is a 538 bp fragment 
sequence not contiguous with the D2 contig, but matches within Conitg A-H.  D2-S-14 T7 would presumably connect with the D2 contig.  The 


































Figure 10: D4 Contig.  D4GSP1 is the primary GSP and D4GSP2 is the secondary GSP. D4GSP3 is an internal GSP designed to link gaps within 
the sequences obtained using primers D4GSP1 and D4GSP2.  A partial sequence of the mF plasmid from P. polycephalum was similar to over 
approximately 720 bp of the D4 contig.  Note putative gene php22 was found in the overlap region of the D4 contig and Contig I. Three ORFs were 
located within the D4 contig. ORF D4-1 and ORF D4-2 are oriented in the same direction with lengths of 201 bp, and 198 bp, respectively. ORF D4-





















Figure 11: D5, D6, and D9 Contigs.  D5GSP1 is the GSP for the D5 contig.  D6GSP1 is the primary GSP and D6GSP2 is the secondary GSP.  Also, 
D6GSP3 was used as a primary GSP and D6GSP1 as the secondary primer to verify D5 sequences.  D9GSP1 is the primary GSP for the D9 contig. 
The D5 and D6 contig lengths are 1078 and 601 bp, respectively. The D5 contig added 417 bp and the D6 contig added 437 bp to one end of Contig 
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Figure 12: Contig II, and D5, D6, and D9 Contigs in Contig Di-48. D5 contig, D6 contig, D9 contig, Contig II aligned within Contig Di-48. The 































Figure 13: D7 Contig.  D7GSP1 is the primary GSP and D7GSP2 is the secondary GSP.  The D7 contig has a length of 692 bp with an additional 
492 bp (D7 E-4 T3) further downstream.  The D7 link verified Contig I aligned the D4 contig.  The D4 contig and Contig I have 381 bp overlap.  D7 
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Figure 14: Complete Assembly.  Known Contigs Di-48, A-H, I, and II (black) were aligned with the D1, D2, D4, D5, D6, D7, and D9 contigs 
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Figure 15: Contig Di-48 end Analysis.  The 5,257 bp of Contig Di-48 adjacent to the D1 contig had not been previously analyzed.  There were four 
putative genes and nine new ORFs identified in this sequence.  The putative genes found in this sequence are nadG, rpS2, rpL19, and rpS16.  Note 
rpS16 is located in Contig Di-48 and continues into the D1 contig (Figure 5).  ORF D–1, ORF D–2, ORF D–3, ORF D-4, and ORF D–5 are oriented 
in the same direction with lengths of 147 bp, 186 bp, 114 bp, 207 bp, and 270 bp, respectively. ORF D–6, ORF D–7, ORF D–8, and ORF D–9 are 
















Figure 16: Contig I Analysis. The Contig I had not been previously analyzed.  There were 6 putative gene and 3 new ORFs identified in these base 
pairs.  The putative genes located in Contig I are rpL6, rpS8, rpS14, php23, rpL14, and  php22.  Putative gene php22 was found in the overlap region 
of the D4 contig and Contig I (Figure 8).  Note putative gene rpS13 (not shown) partially overlaps with Contig I, however, mostly located in the D2 
contig. (Figure 7).  ORF I-1, and ORF I-2 are oriented in the same direction with lengths of 126 bp and 150 bp, respectively.  ORF I-3 is oriented in 



























Figure 17: Extensions of the new 69 kb Contig. Extension of the new contig is problematic.  Each end extension continues in the interior of the 
Contig Di-48.  Sequence extended from Contig Di-48 continues in the interior of the Contig Di-48.  Similarly, sequence extended from Contig A-H 
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Appendix 1- Sequence Characteristics 
 
 
Contig Di-48 end (5,257 bp adjacent to the D1 contig):  
 
ORFs in forward orientation are highlighted green.  ORFs in reverse orientation are highlighted red.  
Putative genes nadG, rpS2, rpL19, and rpS16 are located in base ranges 1611-2620, 2591-3957, 4449-
5013, and 5013-5257, respectively of the 5,257 bases of Contig Di-48 adjacent to the D1 contig.  
Putative genes are indicated with bold/underlined bases and putative gene overlaps are indicated with 
bold bases not underlined.  Note rpS16 continues into the D1 contig. Since the putative genes are 
identified based on similarity to unedited genes in P. polycephalum, the start and end points are highly 
speculative and the direction is indicated with the arrow. 
 
       1  TTAAAGTATA TTCAATAGAA TAATAAAATA CATAGGATAG ACATAAAGAA 
      51  GATATTATAG CAGAAAAAAC ACTAAAAATA ATGCAGGAAT AAATGGTATA 
     101  GAATTAAAGA GGCATATTTT AAATAAAAGA AAAATATAAA ATTTTTACTA 
     151  ACGTAAATAG TAAAAGGCAC TTAAAATAGA AAATAAAAGT AATAAACCAC 
     201  AGTAAAATAA GCAGAAAAAA TATAGCAGAA ATTAAATAAA AAGTTTAGAA 
     251  AAAAATCCAA GTAAAGCGGA ACTCCACTCA AGCTTATACC ATACAAGCAT 
     301  AAAAACATGC AATAACGGGT TAGATTTTTT TAGAATATTA AATCACGTAA 
     351  TTGGTAAAAG CAGAAGAATA ATCTATCTTC TTAAAAATAA ATAGGGATAA 
     401  ATGCTATAGT AATTAAATAT TATAACTAAA TAAATAAAAA TAAAAGCATA 
     451  AAAAGATAAT ACAGATTATA TAGAATAGTG CTAGGAAGAA AGCACTATTC 
     501  GCAATGCACT ATAAGCTAAG AAAGTCTTAA ATTAGTTGTT CTAAAGCAAA 
     551  TAAGGTACCT ATAATTAAGA TAATAATAAA GGAAATAAAT AACAAAAGAA 
     601  TACTCAAAGG AGCAATTTAT ATAAAAGATA AAACAATGGA TTTTTGGTAA 
     651  CAAATAAATA AATAAGTAAC ATTGTAGAGG AATATGTATA ACAGCAGGCA 
     701  TCCAAAAATG GAATGTGCAA CACCTAATTT AAAAAATAAA CTATAAAAAT 
     751  AAATAACAAA CTATTTGAAA AATATATTAT GTTCAATTGA AAATAAGATA 
     801  AAGCTCTAAA GAATCCCATT GTACTGTACC AAATTGAACA TATAATGAGA 
     851  CACACCAAAT AGATATAAAG AACTGCTATA GAACCAAATA AAAATATTTT 
     901  AAACCAGCTT CGTTTGTAAG TATGATCTAT TAGTACATAG GCGGCCAAAG 
     951  CATAAAAACA AAATATTGCA ATTCATAGCA AGAAACCAGA CGAAAAATCA 
    1001  GAAGTATATA GTAATAATAA CATACCTAAA ATACTAATTT GTATTATGAT 
    1051  CGGATATTCA AAGTTGTTCT TAAATATTTT TTTGTTATTA ACTATATAAA 
    1101  TAAAAATAAA ACTAAAGCAA AAATACAAAA TAATTTAAGA ATTTACTATG 
    1151  ATAAAATCAT AATTAAATTT GCAGATATAA AAGATTATCA AGGTGTAAAA 
    1201  TCTAATATCA TTAAATTTAA GGTTAATGCA ATGAAAAGTA ATAAACTGTA 
    1251  AAATACACTT ACCTATAAAC ACGAGAAAAA CAAAATTAAT ACGTTTGTTA 
    1301  ATGTAAGGAA ACTTCCTATA AAATTAAAAA AATACTAGAA AAAGCTAAAA 
    1351  ATAATAAATC TGATATGCTA ACATTTTTGT TGTATTTAAA GTATCGAAAT 
    1401  ACTTAAAAAC ATTTTTTATT TTATTCTTTT TTGTAGGTTC CAAAATAAGT 
    1451  TATAACTTTA ATGTTTTAAA TTAAATTATA ATATAAACAT AAAAAATATA 
    1501  AAAATCTTTT TATTATACTA ACTATAAAAT GCACACTTTA AAATTTATTT 
    1551  TATTTTTATA CTATAAAAAT ATTTTTTATA AAAATAAAAA CAAAAAATAT 







    1651  CCTTGGGAAC CTAGAACCAT ATTGAAATCG ATGACAGGAA GTTTCTCATT 
    1701  TTAATGTAAG AATGAACGTT TGAAAACAAA TGTATTCGTT ATTTACAATT 
    1751  CAATATTGGA TTTCAGATAA AAAACGTTTT CTAAAGCACC ATAGTAAGTT 
    1801  TAAATCCATT ATACATTTTC TTACTAACGT TTCTTTTTGT AAATTCTATT 
    1851  TTAAAAGAAA AAAGAATATA AGCTATATAA TTTCAAATAT AATGGATATT 
    1901  ATAAAATTTA AATAAATTAT TTGATGTAGA ATCAATAATA TTTCAGGTTT 
    1951  TTTTGCAGAC GATTTAATGT AATAGTCTTT CAAAGTTAAA CATTTTGATG 
    2001  ATTTAATGTT ATACGTCAAG CAAATAAAAA GTATTTATTG CCTAGTACGA 
    2051  TAAATTACCT TTAAACAAGA AATAGTCTTG ATGACAATGT ACGTCTTGAA 
    2101  TACCTTCTCT AAATGCATTC TTTTATAAAA ATGTGAAAAG TATAATTTTA 
    2151  CTTCTTTTTC AAGTTTCTCA TCAATATAAA AAAAAATGAA ATACTCTTTC 
    2201  AAATATACTT TATATGCATT TTACAAGGTT TTTATAATTA AAAGATAAAA 
    2251  CTATTATTCA TCTTGTATTA GTACTTTACA ATACAAAATT TAGATAATGT 
    2301  TATCACATTA ATCCAAGATA CCTTAATAGA GTACAAAGTT ATAGTGAAAA 
    2351  TTAGACCAAC AACATTGAAT TTTATATTTT CCCAAAGAAG AATAAAACAT 
    2401  TCCAACAATA TTTTTAACTA ATAATTATAA CAACAAAATT CTAACTCGTA 
    2451  TTTGGTTATA ATAATTTTGA TAATTTGTAT TAAAAAAAAT AGGTATAATT 
    2501  TTTTAACACG CTATTTTTGT TAGCTTCTAT TATTAAACAA CTCAAAAACA 
    2551  AATTATAGTC CTTTAGAATT ACAACAAAAA AATTTAGCAA ATGATCAATA 
    2601  ATATTATTTC AAGCGATTAA AATATTTAAA TTACCTTATA AAATCTCTTA 
    2651  GCGTATATAG CCCTATAGGA AACACTGTAA AAACATGGGT ATCTTTAGAA 
    2701  TGTTATCAAA TATTTAATAA TTCGGAATGA TGTTATATCT TGAATTTAGG 
    2751  TTTAACTGTA ATCAATTACG GAAAGCAGTT AATGTTTGTT TTATCGAATG 
    2801  CAAGCGCGTG GTACTTTTCT ATTTATGCAG AGGCTCATAA TGCTTAAACT 
    2851  TGAATCATGA CTCTGTTTTT ATTTTGCCAA TTCTTGGTTA CCTGGTTTAT 
    2901  TACGAATTAT AGACGTGTAA GTTATCTGTT GCAGTAAACA AATTTCATAA 
    2951  ATACGTATAT ATCCTTTCCT TAGTGTACCC AATTAACTGT ACAAATAATA 
    3001  TTAGTTTAAA ACCATTCTTA AAAGTATTTT ACGTTTTAAA AGAGGTAAAG 
    3051  TACTCGTATA CCTAAATTAC CTACTATTCT TTCAGTGTAC TTGATAATTT 
    3101  TATTGGTTGA ATGAATGTCA TAATTTAAAA TACCATCTAT CAATTATGTG 
    3151  ACACACAATC TTTTTTTGAT AAAGTTACTT ATCCTATGTA GCTAATCAAA 
    3201  GATCTGTACA TTAACATATT ACTTGTACAT TTATTTTTGA AGTTTGTACC 
    3251  AATGCTTTAC TAGATAGTCA TTTACTTTTA TCTCTTATTA TAAATATTAT 
    3301  CAAAAAAGAA TATTTGTGCT AAGAAAATTA GAAATATTAT AGTAAACAAA 
    3351  AAAAAAGAAA GAAAAAACTT CGCCGTGCAA AAAAAAATAT ATTAAAGATA 
    3401  AAAGTAAAAA GGTCAAAATC TAAAAAAAAA AGTATAAAAC GTAAAGTACG 
    3451  ACGTCCATTA CTAGTCGTAA AAAAAGTATT ATGTCTATAA GATATAAGAA 
    3501  AAAAATTAAA AGACTAAAAA AACGTAGATA TTATTTAAAA TCAAATTTAA 
    3551  AATTAAAAAT TAAGAGTTTT ATTTTTAGAC GTATTTTTAG AAAAAGAAAA 
    3601  GTTAAACGAC TTTTAGCAGT AAAAAAAAAA AAACGTGTAA AAAATTCTCC 
    3651  TAGAATTTTA ATTAGAAAAA TATTATTTAT TCTATGAAAG AAAGAAATTT 
    3701  ATTACATAAG AAAAAAGAAA AAAGAAAAAA ACAAATATTA TTCTTTCTTA 
    3751  ATTAAAAAGT AAATAGTTTA ACAAAAAATA CTTTACAGTA TCGTTAAATA 
    3801  ATCATAAAGA TTATTAACTA AAAAACATGC TATAAGAAAT TAAATACTTT 
    3851  ATATATGATA ATCGCACATG TTCTTTTAAA ATAAAACATA AACATAAAAC 
    3901  ACCTGCAAAA GTCATTTCTA ATAACATGCT CCTAAGTATT TTTTCTTTAT 








    4001  AACAATATTT AAAATTCTTT AAAAAAATGT ATAAATTTAA ACGTAAATTA 
    4051  AGACGTAGAT ATTACAGATT AAGGAGAAAC AAAATTCTAC CAAAAAACAT 
    4101  AAAGAGAAAA AACTCAAGTA TATTAAAAAG TTTTCTTTTT GAGTATTTAA 
    4151  AGAAAAAAAG AAGTATAATA CTTATACAGT ATACGTTTAA CTTTACATAT 
    4201  TTTGTTAAAA AATTATTAAG TCGTAATGAT TTAATAATAG AACTAGAGGT 
    4251  AGAAAATTTA TTATTTAACA ATGTTTATTT AACAAAAAAG ATGTAAAAAA 
    4301  TAATATTGTA TTTATTTACT CTCTAACTCA CTTATAGTGA ACCGTATTTT 
    4351  GAATTTAAAA AAAAGTTCCT ATAAGAAATA AAAAAATTTA TAAAAGAATA 
    4401  ACTCAAAATT ATATACTTAT AAACTAAAAA GATATATAAT AATAATAATT 
    4451  ATATAATATT ATATTAATAT TTCAAATTTT ATTGTTATGC TATTATTACC 
    4501  AATTTATAGA TAATCTTTAA AAATATTAGA ATCTTTTAAA TCATCCCATC 
    4551  ATGAGCATAC ATATCACAAC ATAATCAAAA TAATTGTAGA TAAAGGCATA 
    4601  GTTTTTTTCT TAAATAATAA TATTTACTAT GGTATAATAA AATACTTATC 
    4651  AATGTAAGGA AGCACACTAT AGCATCAACC ATAGGGGAAT AAAAGGCACA 
    4701  GAGAGCTCAT AAGAAATTGA TCAAAAGTAT TACGTATCAA AAAAGAGTAT 
    4751  TTAAAATAAA AGGATCTTTT TTTTGAGCAT ACATATACCT ATAAATTATA 
    4801  TTGAAAGATA TCTTTGACTT AACATCAACA ACATTGGAAC TTGTTTTTTT 
    4851  GATTTTTAAC AAAATCAGAC TTCAAATCTA GTAGTTTGTT TGTTAAACAT 
    4901  CACCCGCAAT ACTTTACCGT TAATCTACTA TATTTTGACC AAGTACAGGT 
    4951  CTTTTTTTTG ATGCATTGAC AATTTATATT TTGTTTTCAT TAACATAAAA 
    5001  TATATTGTTG CATTAATTTA AGATAATTTA TATACAGAAA TATAACACTA 
    5051  GCACCTAAGA TATCGCATCT TTTATTTTTT TACATTTAAA CCTAAAATAT 
    5101  GAAATATTTC CTTGAATCTT TAAAAATTTC ATAAAAGCCT AAATTTCATA 
    5151  ACGACACCCG CACGTATCTT CTTCTTGCTA ATACAAGTGA TAGATGGTTT 
    5201  TTTTACATTT GTTTTTTAAC TCTAATCTTA TAACTAATTC TCTATTAAAA 
    5251  CACCTGA 
 
D1 Contig:  
 
ORFs in forward orientation are highlighted green.  ORFs in reverse orientation are highlighted red.  
ORF overlap section is highlighted yellow.  Putative gene rpS16 location continues in the D1 contig 
from Contig Di-48 end and underlined at bases 1 – 43.  Note only new bases are shown. Since the 
putative genes are identified based on similarity to unedited genes in P. polycephalum, the start and end 
points are highly speculative and the direction is indicated with the arrow. 
     
       1  ATTATGACGT TATCTTTCTT TAAAATTTTA CTAAACCTTT CATAAAAATT 
      51  ATTTTAGTTT CTGTACGTAA ATTCAATAAT ATTTTTTATA AAATAAAATT 
     101  ATTAAAATAA ATAATATGAA CTATTTTAAA ATAACTACTC AAGTTTTTAT  
     151  GATAATTTAC GAAACCAATA TGATATAAAA GAATAAATAA ATAAACAATG 
     201  ATAAAAAAGA TATCATATTT ATTTGATGAA ACATCAAACA CAGAAATTGA 
     251  ATCACAAGAT TCTTTAGAAG TATTAAAATC TTTTTTAAAA ATGAAAGATA 
     301  ATGATTTAGA CCAAAAATGT TCCTCAGATG TTTGGCTTAT GTTCGAAAAA 
     351  ATAAGATCTA ATCCTGAGAT AGAAAACTTC TCTTTTAGAT TAAATATAGA 
     401  TCCTTTTGTA TGGCTCATGA AACCACAGGA TGTTTCTTTA GTAAATAGTA 
     451  CCAAACATCA TACGTTCAAT CAAATGATTT TAATATTACG TCGGCAATAT 











D4 Contig:  
 
ORFs in forward orientation are highlighted green.  ORFs in reverse orientation are highlighted red.  
ORF overlap of ORF D4-1 and ORF D4-3 is highlighted in yellow.  ORF D1-1 continues in the D4 
contig from the D1 contig.  The partial mF plasmid sequence underlined at bases 3-722 of D4.  Putative 
gene php22 starts at base 1400 of the D4 contig.  Note php22 continues in Contig I.  Only new bases of 
the D4 contig are shown.  Since the putative genes are identified based on similarity to unedited genes in 
P. polycephalum, the start and end points are highly speculative and the direction is indicated with the 
arrow. 
     
       1  GTCGTGAAAA AGCTTATAAA GATTTCATTA AAAATACTTG TATGGAGCTC 
      51  GGTATTATTC AAGATTATCT TCACGAAGAT CTTAAATACT TTTTTTACTA 
     101  TGTAAATAAT TTTTATGTTT TATTTAAAAA TCATTATTTA AAAGAAGTTA 
     151  CTCATTTAGT TGCTTTAGCT AAACTCATAG CGAAAAAAGA AACAATAATC 
     201  AAAATAAATA ATCCAAATTT TAATTGTATA ATTGCTAATT TAACTACTGT 
     251  AAAAAGAGGT AAACGCCGTA CAATGAGGGT TTTAAAAGGT ATAAAACCTT 
     301  ACCAAATAGA TCTTACGGTT ACAAAGTTTA AACATGTAGA AAAGAGCTTA 
     351  CTTGAAGCTA CTTTTGACAT TAATGTCCGT AAACAACAAA CATCTTTTCC 
     401  ACCTAATTTT ATACATTCTA TGGATAGTAT GGTCGTACAT ACTTTTCTCT 
     451  TGAAAAATTA TCATGATTTG TAACTACACT AAATTTTGGT ATATTAAATT 
     501  GTTCTAAGTA TTTATTAAGA TTATAATTTT TCATGGGGTT ATTTATTATT 
     551  TCCTTTATTA CTTTTTATCA TTAAAGATAT CTATTTGGAA ATCTATGATT 
     601  ATAATTATTT TAACTCTTTA AAAGATAATT TATCTGAAAA AGAATTTAAA 
     651  GACTTAATAT CTTTTTACTC CTTGTCACGT GTCTCCAAAA ATAATATCAC 
     701  AAATCCCAAT TTTATGAAAT TTAGTTAATT TTATTTTTAT TATTATGCCT 
     751  CGATAAATAC ACTCTTTATA TTATTTAGGT TTTTTCATAA AAACAGTAAA 
     801  AAATTAATTA TTAAAAATTC AATATTATAA TAAACATTAA ATTTTTTAAA 
     851  TCTAAATTTA ATATTAAAAA TACTTCATGC ATATTAATAG ATTGTGAAGC 
     901  TAGACCCCTT CTGATAAAGA AGAGCTACAA AAACAAATTC TTTCTAATTT 
     951  AAAAAATAAC ATTATCGATT TTAAAGTATT CTTTATCTTA ATTGATACCG 
    1001  ATCTTTTTGA GTTTATGACT AATTTACTCA AGAACAACGG TCTATAATTT 
    1051  TGTTACGTGT CAAAAAACAT GCTTTAAGAA GTTTAGTTTT GGAGGACATT 
    1101  AGTAACAAAA TATACAATGT TCCCACGCCT ACAAAATATT ATAGTTATGT 
    1151  AAACTCAATA CAAAGCGATC AACTAGAAAC GTTTAACATA GAACTTTTTA 
    1201  GTAATTTTCA AAGCGTTAAA GATGTCTTAG ATTTGTATTA TCGTTCAATA 
    1251  ACGTTGCCTA TGCAACGTTA TTTCTTTGAC TTAGCGTATA AAAGTTACCT 
    1301  CAAGGCAGCC AAACTTAAAT TTCAAGTAGA TAATTCAAAT TTATTGTTGC 
    1351  TTTTAAATTT ATATTATTTA TCAAAAAACA AACTTGTAGT TTTTATAAAA 
    1401  AAAAAAAAAT ACAGTAAACT TTATAATGAA AAAAAGATAA CTTTTGATTC 
















Contig I:  
 
ORFs in forward orientation are highlighted green.  ORFs in reverse orientation are highlighted red.  
Putative genes php22, rpL14, php23, rpS14, rpS8, rpL6, and rpS13 are located in base ranges 1-839, 
976-1330, 1330-1814, 1814-2078, 2079-2516, 2513-2098, and 2988-3009, respectively of Contig I.  
Putative genes are indicated with bold/underlined bases and putative gene overlaps are indicated with 
bold bases not underlined.  Note php22 is continued from the D4 contig and rpS13 is continued in the 
D2 contig.  Since the putative genes are identified based on similarity to unedited genes in P. 
polycephalum, the start and end points are highly speculative and the direction is indicated with the 
arrow. 
      
       1  ATGGAAAAGA AGAAAAAATA AGGCAATATT GCAGCAAATA ATGCTTTGGC 
      51  AGAACCCCTT TTAGTATAAT GTAACAATGA AAAAAGGGGA TCTTTTGATC 
     101  TTTGTGATAA GTAAATGATT TAAGCAAGGT TATAATGCTG ATATTCTTTA 
     151  AGAGTATGTG TTTCTATTTC TACACTGAAA CTACATGGAT GTTTTAGAAA 
     201  CACCTGTATT TCAACTTGTA AAATGGTCCA TGACCTTGAA GAACGTTCTA 
     251  TGAAAGTTTA CAAGCTCAAA AAATGAAATT TGTTAAATAA TGCTAATTTT 
     301  GCATTATAAA ATCTTCTCTA CAGAAAACTT ATTTACTTCG ATATTATATC 
     351  CAATACAAAA TTATTTACGG AAGTTTATTA TCTATAATTG TCGTCGTAAA 
     401  AAAGTAAAAG CATAAATTTA AATAAGCCTT CTATGGTTTT AAAAATTATA 
     451  TAAATCAAAG GATAAATGTT CATCTAATAA AGATAAACAT TTCGTAATCT 
     501  AAAACATTTT TTATTTAGAG CTTTAATCAT GAAAAAAAAC ATACTTGCCT 
     551  TTACTTTTTG AAGTATTGAT TATTTTTATG ATTCTTTAGA AGATTGGGAA 
     601  GAAGCTTATG ATATTTCTGG AAATACATAC AATACCAAAT TCATATGATT 
     651  TATGGAATAT ACATTTTTAG TTTAGAATAT TCTTCTATAT TTCATAAATA 
     701  AAAAAAGAAA AAAAAACATA CAATTATTTT TGCAACAAAA AGTATTTTTA 
     751  AAATATTAGA AACTTTTTAA AAACAGATAG AATTTTAATC AAGATTATTA 
     801  ATGCCTTTAA AAACATATGT AGAATTAAAA ATTTCAAAAA CAGTATCTTA 
     851  ATATAATATG AATTAAATTT GATTTTAAAT TATCAATATA TAACATACAA 
     901  TAAAAAAATT TCACATTTTT CCTTTTTTTT TATTTTTTTT TTGAAAAAAA 
     951  AATAAAAGAT AATAAATAAA AAATAATGGG CCAGGAACTA AAGTACGTGT 
    1001  AGCGATAACT CAGGACCATG TTTTTAAGGA TTATTAAAGT GTTACGGTAA 
    1051  GCCCTTTAGC ATCTACAAAA ATGGTGATTT TGTCGTGGGA TTGTTCTAAG 
    1101  TGTACATAAC GTAAAAAGTT TAAAGTTCAA AGGGTTCTCT TGTCGCGCTA 
    1151  TATGTATAGA CGTGCAAGCA CTATAAAAAG AAAAGATGGA CAATGTTTAA 
    1201  ATTTCAAGAA GGCTCTGTCG TATAGTGACT CGAAAGGTTT ACCACGAGGA 
    1251  ACTAAAATTT TTGGCCTGTG CCAAAGGAGC TTCGAGAAAA GGCTTTATTA 
    1301  GATTATATCG TTAAGTACAT CGCATTATAA TGACCCCTGT TATTTTAATA 
    1351  AATTTAATAA ATAGTATTTT ATCCTGATTT TCTAATAAGT TTTTATTGTC 
    1401  TTTTATTATT CTGTAATTTC TCAAAAAAAT TTACAGTTTA TTTAAATATA 
    1451  TATTTAATGA TATACTATTT ATAACCCGCC GCTATAAAAG CATACTTATG 
    1501  TTAAGTTCTA TTATCCACAA CGTTGTAAAC AAATTCTAGG TTAATTTAGT 
    1551  TAAATTTGCA AAAAATGTTG TATATCTCTT TTTTTTTTAA ATTAAATTTC 
    1601  AATGATTTTG TCCATTTTTT AATTTGGCTA TACGTAAACC TGTAAAAACC 
    1651  AATATGTATT AAATGGTCTA ATTAAAGAAT TAGATATTTT GTATTTCCTG 
    1701  GATTTATAAA TTTTTAAGAT TTCTTTTTGG AATAATTCTG TATTATTGTC 









    1801  CTTACTTAGA TTAATGATTC TCGATTACAA AATCATTAAA ACAAAAGATT 
    1851  CAAGAAATAT ATTCAAAAAT TTGAGATAGA CAGAAGATAC TACAAATGTT 
    1901  GAAAATACAA GTACTACAGT GGGTTTTATG CCATACGCAA ACTTCCAAAG 
    1951  TTCATATAAA AAACTATGCT TATTGAGCGG TAAGGCACGT TAGTTTATTC 
    2001  TAGAAAACTT CGTTTATCAA GAATCAAATA AAGGCTTACT TTATGTATAT 
    2051  GACTGATCTA CGAATTTCTT CCTGGTAATT GACTGCCGTT TTCCTAATAT 
    2101  GATGGTGTTA TGCGTACCTG TATAAAACAG GTGTAAGTTT TTGTGAAATA 
    2151  CCAATAATAA ATTGTGTATA ATATTCTTCG TTTGTTTCGT GATGAGGTTA 
    2201  TATTTATGGA TTTAATATAA TTCTCCAAAA AAAAAACATG CTCGTTATAT 
    2251  CCACGAGTTA AAATACATTT TAAATTTAGG ATGCATCTTC TCTGTATTAA 
    2301  AAGATGTTGC TGTTTTTAAA AATTCTTATC TAATTTTACG TCTATTAAAT 
    2351  ACGGAATCAA TATCAAATTT ATCACAACAT AAATTATTTA TTTTTCAACT 
    2401  ACTCAAGGAT TATTATTATC TTCTTTAGTG ATATCTCTAC AAAAATCAAT 
    2451  ACTAAATTTC CTTTCCATTT TGGAGGGAAA CTTTTATTAG AACTTTATAT 
    2501  TTAAATATAA CTATGATACA TTAGAAAAAT ATCTGAAATA TCATTAAAAC 
    2551  ATAAATCTAA AATTACTGGA ACATAAATAA GACAGCTAGA TTTCAAAAAG 
    2601  TTTTATAACG CTTTTGAAAA TTCTTCGTTA TTTATAGTGA TAACATTAAG 
    2651  TTTAAAACTT ATTTTCCTTG AAAGACATAA GAAAAAAGAT AATGGATATT 
    2701  TTTAGAATTA TTATTTCATG GACAAACTAT AACGCAAAAC GTTTAAAGAT 
    2751  GAATAGACCT CAGTATCAAG TTGACGTTCA TAAGTAGAGT TATTTATTGT 
    2801  AATGAAAATG CATTAATACA TTTAAATCAC ATATCATAAA CGTCGTTTAG 
    2851  TTTTTTTTAG TTACGATAAA AATTAATGGT AAATATTGAA AGAAAAATAA 
    2901  GAGTTTAAAA ATGCTAATGT CTATACGGCA AAGGTATTTT TTCACGCAAT 
    2951  GATTATATGT TTTAAAAGAA GGAAAAAAAG TAAATAAATG CAAAATAAAC 
    3001  TGAAGGTTT 
 
D2 Contig:  
 
ORFs in forward orientation are highlighted green.  ORFs in reverse orientation are highlighted red.  
Putative genes rpS13, and nad9 are located in the D2 contig with base ranges 1-529, and 523-1023, 
respectively.  Putative genes are indicated with bold/underlined bases and putative gene overlaps are 
indicated with bold bases not underlined.    Note rpS13 is continued from Contig I.  Since the putative 
genes are identified based on similarity to unedited genes in P. polycephalum, the start and end points 
are highly speculative and the direction is indicated with the arrow. 
 
       1  TATTCGTTTT CAATATAGAA ATCTTGTGTA CTACTATAGA TACTATTTAG 
      51  GAATTGGTAA AGTAAAAGCT AATCGCTTAA ATGCTTTTTT TTAAATCATC 
     101  CAATCAAGTA ATATTTCACA AAGATTTTAC CACTTATTAC AGGAGCCAAA 
     151  AGGTAGAAAT ATTATGAATA AGTTGTTTAT TGAAACAAAA ATTCGTTTAA 
     201  TGTTTCACAA TATCTACGTG ATAAAATAAC GTTTTTTGTT ATAAGCATAT 
     251  AGAATGTTTC AAGAATTACC TACAAGGGAC AACGTACCCA CGGTAATGCG 
     301  GTACACCTTC ACGTATAACC CTTATTTATC CTTGAACATA ATCAGGATTT 
     351  TTATATGTAA AAAAAGTGAA TATAAACGAC AAGAGCTATT AAATAAGCTC 
     401  GTCATGAAGA ACTTAAGACT TTAATGATGG TTTGTTACTA AAGAAAAAAC 
     451  AAAAAAAGAA GAGGCAAGCG CAAAAGTAAA TTGCCTAAGC AAATATTCTA 
     501  TAAAAATTTA AAAAAGAAAT AAATGTTAAT AATAAAGAAA AATTATTTTA 










     601  CTATACAAAC AAAAAATATT GTTTTTATAG TAAATTTTTA AAAGAACATT 
     651  CGTATTTTTA ATTACAGCAA CTCTGTAGAT CAACCATATA AATTTAACGT 
     701  TTTTTATTAC AATATGTATT TACATAACTA ATTTAGCACA AAGGATTATG 
     751  TACAATATAA TACCCTTTAA AAGCTTTATA ATTATAGACA CTTTCGCTTC 
     801  TGCATTTGGT TAGAACGCGA AATTACGATT TATTTGGAGT TTTTTTTATC 
     851  TCTAATCAAA AAATAATGAC TTAGACGCTT ATTAACAGAT TATATTTTAA 
     901  AGGTCATCTT TCCGTAAAGA TTTTACTTAA TAGGTTATGA AGAAAAATAT 
     951  TATACCTATG ACGTAAGACC ATAGAACATA GCCGTTGGAT CTCATTCTGA 
    1001  TTTTGGCTAT TTTTTAGTTT TAGTGTTCTT AAAAAAATCT AATATAATAT 
    1051  AAACTAATGT TCTCATTATG CTAGTTTTTA TTATTTACTT TCCTAATTCT 
    1101  TTGATAACTA ATAATATATA TATTTTTTTT TAAACTGTTG CCCAAAAGTG 
    1151  TACTACTAAT TTCACAGATT GCTTTTAATA CTTAAAAGAA TTTTTACTTA 
    1201  ATTCAACTTT AATGGCTTTG ATAAAATCTC CGGTTATATT ATTTAGTTAC 
    1251  AGTTGTAGCA AGGAGCTTAG AAGCACTTAC AACGATAAAT TCATAAAACA 
    1301  TGTTTCGGAA ACTTTCTGTA TGAGAAATAT ATATTATTTA TGATGATAAT 
    1351  TTACTGCAAC AGTTTAAAGC ACAAAATACT ATCTTATGAG AATAAATAAT 
    1401  TACTAGACTT ACATCAAAAA ATGAAAACGA GTAAAGTTTT GAAAACAAAA 
    1451  GTGTGATAAA TACTAAATTG TATAAATCAA TATTTATACA ATGTTTTAAT 
    1501  GCAGTATCAA TACGAAATTG ATCACTTGAG TTTTCTCCAG CAACAGAATG 
    1551  GTTCGTAGGA ATAACAACAT TAGTTACATT TTCAAATTCA TTCATTGCAT 
    1601  GACCCTCTTC TAAAAAAATA TGCTTCACAA GGAGTACACA TCCGTTGAAG 
    1651  TTTAAAGACC ATCAAAAATA GTATGCGTTT TCAAGAGAAA ATCCAAAAAT 
    1701  TGATTCTTTA GTAATACTAC TGTACATAGT ACTATACTGT ATTAGATTTC 
    1751  TATAATATTT TTTTTGATTT TTATTTAAAG CAATATTCAT GATTAATTAA 
    1801  AATATTCGAA TAAATTTTGG TCCTACTATA CAGCGTAGTC ACTTTTAAGA 
    1851  ATACACTGTT TAGAGGCACC TCATTCAGGT ATAACTTGGC AGTTATACAA 
    1901  CAGTATTCTT ACTGTCAGGG TTCCCATCCC TGAAATCTTT CCATGGGTAT 
    1951  AATAATTTTT ATGGGTTCCT TTAAATAAGA TGACTTAAGC ATAATAAATT 
    2001  TAAAACAAAT GATAAAGTAT ATAAGACCAG CTTATAATAA AACAAAGTAA 
    2051  AGTATAAGTT TGAACATAAG GTGACATAGC ATCCTGTTCA TAGTTAAGAT 






















Appendix 2 – Putative Gene Alignment 
 
Alignment between P. polycephalum (Pp) DNA, P. polycephalum mRNA, and D. iridis (Di) putative 




Pp-nad9-D        ATGTTTAT-AATAAAGATCAAT-ATTTTATTTATTAT-TAATAAATCTTTAGTATCCATT 57 
Pp-nad9-R        ATGTTTATCAATAAAGATCAATCATTTTATTTATTATCTAATAAATCTTTAGTATCCATT 60 
Di-nad9-D        ATGTTAAT-AATAAAGAAAAATTATTTTATTTATTATAGAAAAAAA-TATATCACAAATT 58 
                 ***** ** ********  *** **************  ** ***  * **  *   *** 
 
Pp-nad9-D        AAACT-TTATGCAATGATAT-TCTATTAAACCTAAGAAT-TTGTTAGATAT-GTTAATTT 113 
Pp-nad9-R        AAACTCTTATGCAATGATATCTCTATTAAACCTAAGAAT-TTGTTAGATATCGTTAATTT 119 
Di-nad9-D        AAAAT-TTATCCCATGATAT-TCTATACAAACAAAAAATATTGTTTT-TATAGTAAATTT 115 
                 *** * **** * ******* *****  ** * ** *** *****   *** ** ***** 
 
Pp-nad9-D        TCTAAAAAAAAATACATAT-TATTAATTACAGCTAC-GCTATTGATCAAATAAATAAATT 171 
Pp-nad9-R        TCTAAAAAAAAATACATATCTATTAATTACAGCTACCGCTATTGATCAAATAAATAAATT 179 
Di-nad9-D        T-TAAAAGAACATTCGTAT-TTTTAATTACAGCAAC-TCTGTAGATCAACCATATAAATT 172 
                 * ***** ** ** * *** * *********** **  ** * ******  * ******* 
 
Pp-nad9-D        TAAC-GTTTTTTATTAT-ATATGTCTTTG--T-ACTTATACAAAAGCACAGCATAT-TAT 225 
Pp-nad9-R        TAACCGTTTTTTATTATCATATGTCTTTG--TCACTTATACAAAAGCACAGCATATCTAT 237 
Di-nad9-D        TAAC-GTTTTTTATTACAATATGTATTTACATAACTAATTTA---GCACAAAGGAT-TAT 227 
                 **** ***********  ****** ***   * *** **  *   *****    ** *** 
 
Pp-nad9-D        TTAACATATAATAC-AATTTAACAACACCAT-TATAATTGATTTATTTCCATCAGC-ATT 282 
Pp-nad9-R        TTAACATATAATACCAATTTAACAACACCATCTATAATTGATTTATTTCCATCAGCCATT 297 
Di-nad9-D        GTACAATATAATACCC-TTTAAAAGCTTTAT-AATTATAGACACTTTCGCTTCTGC-ATT 284 
                  **  *********   ***** * *   **  ** ** **    **  * ** ** *** 
 
Pp-nad9-D        TGGCTTGAACGTGAAAT-TACGATTTATTTGGTATATTTTTT---TCTAATAG-AACAAT 337 
Pp-nad9-R        TGGCTTGAACGTGAAATCTACGATTTATTTGGTATATTTTTT---TCTAATAGCAACAAT 354 
Di-nad9-D        TGGTTAGAACGCGAAAT-TACGATTTATTTGGAGTTTTTTTTATCTCTAATCA----AAA 339 
                 *** * ***** ***** **************  * ******   ******      **  
 
Pp-nad9-D        ACTAATGAT-TTCGTCGAATATTAACTGATTAT-ATTTCAAAGGACATC-TTTACGTAAG 394 
Pp-nad9-R        ACTAATGATCTTCGTCGAATATTAACTGATTATCATTTCAAAGGACATCCTTTACGTAAG 414 
Di-nad9-D        AATAATGAC-TTAGACGCTTATTAACAGATTAT-ATTTTAAAGGTCATC-TTTCCGTAAA 396 
                 * ******  ** * **  ******* ****** **** ***** **** *** *****  
 
Pp-nad9-D        GATTTTTC-TTAATAGGGTATCAAGAAAAAGTGTTTT-CCTAT-TTACA-AAGACCAT-- 448 
Pp-nad9-R        GATTTTTCCTTAATAGGGTATCAAGAAAAAGTGTTTT-CCTATCTTACA-AAGACCAT-- 470 
Di-nad9-D        GATTTTAC-TTAATAGGTTATGAAGAAAAA-TATTATACCTAT--GACGTAAGACCATAG 452 
                ****** * ******** *** ******** * ** * *****   **  ********   
 
Pp-nad9-D        ----TCGGAGTAAGAT--------GA----AGTAATTTTTTGAT---AA 478 
Pp-nad9-R        ----TCGGAGTAAGATC-------GA----AGTAATTTTTTGAT---AA 501 
Di-nad9-D        AACATAGCCGTTGGATCTCATTCTGATTTTGGCTATTTTTTAGTTTTAG 501 






Pp-nadG-D       ATGGGTGCTTTAACTT-TAAACATAA-GCAATTCACTTTC-GAGTTTGGGAACC-ACAAA 56 
Pp-nadG-R       ATGGGTGCTTTAACTTCTAAACATAA-GCAATTCACTTTCCGAGTTTGGGAACC-ACAAA 58 
Di-nadG-D       ATGGGAGCTTTAACAT-TAAA-ATAACAGAATTTAAACAC-GTCCTTGGGAACCTAGAAC 57 
                ***** ******** * **** ****   **** *    * *   ********* * **  
 
Pp-nadG-D       CATT-ATTGAAATAGATGAAAC-GAGGTTTCTAAATATAACTTAAGAT-GGAACATTTAA 113 
Pp-nadG-R       CATTCATTGAAATAGATGAAACCGAGGTTTCTAAATATAACTTAAGATCGGAACATTTAA 118 
Di-nadG-D       CAT--ATTGAAATCGATGACAG-GAAGTTTCTCATTTTAATGTAAGAA-TGAACGTTTGA 113 
                ***  ******** ***** *  ** ****** * * ***  *****   **** *** * 
 
Pp-nadG-D       AAACTAAG-GATCTCGTATTTTAC-AATTAATTATTGGATGGCAGATAAAAAACG-TTTT 170 
Pp-nadG-R       AAACTAAGCGATCTCGTATTTTACCAATTAATTATTGGATGGCAGATAAAAAACGCTTTT 178 
Di-nadG-D       AAAC-AAATGTATTCGTTATTTAC-AATTCAATATTGGATTTCAGATAAAAAACG-TTTT 170 
                **** **  *   ****  ***** **** * ********  ************* **** 
 
Pp-nadG-D       CAAAAGAATCAT-ATTATTTTCTAATCCAT-TATTCATTTTAAGAAT-TAACATATTTTA 227 
Pp-nadG-R       CAAAAGAATCATCATTATTTTCTAATCCATCTATTCATTTTAAGAATCTAACATATTTTA 238 
Di-nadG-D       CTAAAGCACCAT-AGTAAGTTTAAATCCAT-TATACATTTTCTTACT--AACGTTTCTTT 226 
                * **** * *** * **  **  ******* *** ******   * *  *** * * **  
 
Pp-nadG-D       TT-TTGAATATACTCTTCAAGAAT-TAAAAACATTACCTATCTAATTTCTAATAT-AAAG 284 
Pp-nadG-R       TTCTTGAATATACTCTTCAAGAATCTAAAAACATTACCTATCTAATTTCTAATATCAAAG 298 
Di-nadG-D       TTGTAAATTCTATTTTAAAAGAAA-AAAGAATATAAGCTATATAATTTCAAATAT-AATG 284 
                ** *  * * ** * *  *****   ** ** ** * **** ******* ***** ** * 
 
Pp-nadG-D       GTTATAAGAAAAT-TTAAATAAACTTGTTGATAT-ACTATCAATAATATCAAAACCTTTT 342 
Pp-nadG-R       GTTATAAGAAAATCTTAAATAAACTTGTTGATATCACTATCAATAATATCAAAACCTTTT 358 
Di-nadG-D       GATATTATAAAAT-TTAAATAAATTATTTGATGT-AGAATCAATAATATTTCAGGTTTTT 342 
                * *** * ***** ********* *  ***** * *  ***********   *   **** 
 
Pp-nadG-D       GTGC-AAACAA----ATGACAAAGA-TTTAATAACTAGGTTAGAGAT-TATGATGACCT- 394 
Pp-nadG-R       GTGCCAAACAA----ATGACAAAGACTTTAATAACTAGGTTAGAGATCTATGATGACCT- 413 
Di-nadG-D       TTGC-AGACGATTTAATGTAATAGTCTTTCA-----AAGTTAAACAT-TTTGATGATTTA 395 
                 *** * ** *    ***  * **  *** *     * **** * ** * ******  *  
 
Pp-nadG-D       -TTTAACAAGT-------ATAAAAA------ATTGCCTAGAT-TATAATTTCTAG-TTTG 438 
Pp-nadG-R       -TTTAACAAGTC------ATAAAAA------ATTGCCTAGATCTATAATTTCTAGCTTTG 460 
Di-nadG-D       ATGTTATACGTCAAGCAAATAAAAAGTATTTATTGCCTAGTACGATAAAT--TACCTTTA 453 
                 * * * * **       *******      *********    **** *  **  ***  
 
Pp-nadG-D       ATCACAAAATAAAACATGA-AATATTATTCTCCTAAC-AATCCTAGAACAGAAT-ACCCA 495 
Pp-nadG-R       ATCACAAAATAAAACATGACAATATTATTCTCCTAACCAATCCTAGAACAGAATCACCCA 520 
Di-nadG-D       AACAAGAAATAGT-CTTGATGACAATGTAC---------GTCTT------GAAT-ACCTT 496 
                * **  *****   * ***  * * * * *          ** *      **** ***   
 
Pp-nadG-D       TGTTTAATTCTTATTTATTTAAACAT-GCGATAAATTCTCCTTTATCTCATTTTCTGCTT 554 
Pp-nadG-R       TGTTTAATTCTTATTTATTTAAACATCGCGATAAATTCTCCTTTATCTCATTTTCTGCTT 580 
Di-nadG-D       CTCTAAATGCATTCTTTTATAAAAAT-GTGAAAAGTATAATTTTACTTCTTTTTCAAGTT 555 
                   * *** * *  ** * **** ** * ** ** *     ****  ** *****   ** 
 
Pp-nadG-D       TTGCTTC-AATTTTATTAAACAAGAGATTC-TTTAACAAC-TATACTATTGATGCTT-AT 610 
Pp-nadG-R       TTGCTTCCAATTTTATTAAACAAGAGATTCCTTTAACAACCTATACTATTGATGCTTCAT 640 
Di-nadG-D       TCTCATC-AATATAAAAAAAAATGAAATAC-TCTTTCAAA-TATACTTTATATGCAT--T 610 
                *  * ** *** * *  *** * ** ** * * *  ***  ****** *  **** *  * 
66 
 
Pp-nadG-D       TTA-AAGGACATTATGAT-TTTCAAATGTCACAATAGT-A--CATCATGTTTTAATACTT 665 
Pp-nadG-R       TTA-AAGGACATTATGATCTTTCAAATGTCACAATAGTCA--CATCATGTTTTAATACTT 697 
Di-nadG-D       TTACAAGGTTTTTATAAT----TAAAAGATAAAACTATTATTCATCTTGTATTAGTACTT 666 
                *** ****   **** **     *** *  * **   * *  **** *** *** ***** 
 
Pp-nadG-D       TAT-ATTTCCTTATAAT---GATAATATTATTTCTTTAA-ACCGCTATATATTAATAAAA 720 
Pp-nadG-R       TATCATTTCCTTATAAT---GATAATATTATTTCTTTAACACCGCTATATATTAATAAAA 754 
Di-nadG-D       TACAATAC----AAAATTTAGATAATGTTATCACATTAA-TCCAAGATACCTTAATAGAG 721 
                **  **      * ***   ****** ****  * ****  **   ***  ****** *  
 
Pp-nadG-D       CGATCAATATT-TACT-TAAAGAAAAACAAT-AGGAATTAATTTCTATCTTTTTCTTAAA 777 
Pp-nadG-R       CGATCAATATT-TACTCTAAAGAAAAACAATCAGGAATTAATTTCTATCTTTTTCTTAAA 813 
Di-nadG-D       TA--CAAAGTTATAGTGAAAATTAGACCAAC--AACATTGAATTTTATATTTTCCCAAAG 777 
                    ***  ** ** *  ***  * * ***      *** * ** *** **** *  **  
 
Pp-nadG-D       T-TAATAAAACTTTCCAAC-AGCATTTTTATCTT-TAAATATAAAT-AAGAAAATATTAA 833 
Pp-nadG-R       TCTAATAAAACTTTCCAACCAGCATTTTTATCTT-TAAATATAAATCAAGAAAATATTAA 872 
Di-nadG-D       AAGAATAAAACATTCCAAC-AATATTTTTAACTAATAATTATAA--CAACAAAATTCTAA 834 
                   ******** ******* *  ******* **  *** *****   ** *****  *** 
 
Pp-nadG-D       C-TTTGTTTAGGACAAAATAGCTTTGAT-AATTCATTTTAAGAAAAGTTAGT-AAAGATA 890 
Pp-nadG-R       CCTTTGTTTAGGACAAAATAGCTTTGATCAATTCATTTTAAGAAAAGTTAGTCAAAGATA 932 
Di-nadG-D       CTCGTATTT-GGTTATAATAATTTTGAT-AATTTGTATTAAAAAAAATAGGT-ATAATTT 891 
                *   * *** **  * ****  ****** ****  * **** **** *  ** * *  *  
 
Pp-nadG-D       TTTAGAACGC-TATTTTTGTTATATTTAATTATTAAAC-TAAAC---AAATCAACTC-TT 944 
Pp-nadG-R       TTTAGAACGCCTATTTTTGTTATATTTAATTATTAAACCTAAAC---AAATCAACTCCTT 989 
Di-nadG-D       TTTAACACGC-TATTTTTGTTAGCTTCTATTATTAAAC---AACTCAAAAACAAATT-AT 946 
































Pp-rpS2-D       ATGATTTAT-ACTATTATCACAAACGATTACAT-TATTTAAAATAACTTATAAAATA-TC 57 
Pp-rpS2-R       ATGATTTATCACTATTATCACAAACGATTACATCTATTTAAAATAACTTATAAAATACTC 60 
Di-rpS2-D       ATGATCAAT-AATATTATTTCAAGCGATTAAAA-TATTTAAATTACCTTATAAAATC-TC 57 
                *****  ** * ******  *** ****** *  ******** ** **********  ** 
 
Pp-rpS2-D       TTAGCATAT-ACAGTCCTTTAGGAAACATTGTAAAATTTTGGACCTC-TTTCATATGAAT 115 
Pp-rpS2-R       TTAGCATATCACAGTCCTTTAGGAAACATTGTAAAATTTTGGACCTCCTTTCATATGAAT 120 
Di-rpS2-D       TTAGCGTAT-ATAGCCCTATAGGAAACACTGTAAAAACATGGGTATC-TTTAGAATGTTA 115 
                ***** *** * ** *** ********* *******   ***   ** ***   ***    
 
Pp-rpS2-D       TCGTTTAT-TTAGCAATTCGAAATGATATC-ATATACTTAACATAACTTATACTATTATC 173 
Pp-rpS2-R       TCGTTTATCTTAGCAATTCGAAATGATATCCATATACTTAACATAACTTATACTATTATC 180 
Di-rpS2-D       TCAAATAT-TTAATAATTCGGAATGATGTT-ATATCTTGAATTTAGGTTTAACTGTAATC 173 
                **   *** ***  ****** ****** *  ****  * **  **  **  *** * *** 
 
Pp-rpS2-D       -AAATAAGAAAAGCTTTAAATAC-ATTTTTCATAAAGTTCGT-ATAGAGGTTCCTTTACC 230 
Pp-rpS2-R       CAAATAAGAAAAGCTTTAAATACCATTTTTCATAAAGTTCGTTATAGAGGTTCCTTTACC 240 
Di-rpS2-D       -AATTACGGAAAGCAGTTAATGT-TTGTTTTATCGAATGCAAGCGCGTGGTACTTTT-CT 230 
                 ** ** * *****  * ***    * *** **  * * *      * *** * *** *  
 
Pp-rpS2-D       ATTTATGCACAAGCTTTTAAAGCTTTAAAAATTAAT-ATGGATCTATTTTTTC-TTTATT 288 
Pp-rpS2-R       ATTTATGCACAAGCTTTTAAAGCTTTAAAAATTAATCATGGATCTATTTTTTCCTTTATT 300 
Di-rpS2-D       ATTTATGCAGAGGCTCATAATGCTT-AAACTTGAATCATGACTCTGTTTTTAT-TTTGCC 288 
                ********* * ***  *** **** ***  * *** ***  *** *****   ***    
 
Pp-rpS2-D       ACTGATTGGGTACCTGGT-TTCTAACAAATTATAAACGAGTAAC-AGAGCTATTAGAGC- 345 
Pp-rpS2-R       ACTGATTGGGTACCTGGTCTTCTAACAAATTATAAACGAGTAACCAGAGCTATTAGAGCC 360 
Di-rpS2-D       AATTCTTGGTTACCTGGT-TTATTACGAATTATAGACGTGTAAG-TTATCTGTTGCAGTA 346 
                * *  **** ******** ** * ** ******* *** ****    * ** **  **   
 
Pp-rpS2-D       TATAAACTACATCTTG-TA-GAACAGCTTATTTTCTTAAG-GTCCTCAACTTAAAG-TAT 401 
Pp-rpS2-R       TATAAACTACATCTTGCTA-GAACAGCTTATTTTCTTAAGCGTCCTCAACTTAAAGCTAT 419 
Di-rpS2-D       AACAAATTTCATA--AATACGTATATATCCTTTCCTTA-GTGTACCCAA-TTAACTGTAC 402 
                 * *** * ***     ** * * *  *  *** **** * ** * *** ****   **  
 
Pp-rpS2-D       AGCCCACTCTTATTTTAATCCTATCC-TAAATCCTCTTTA---TTCAAAAGAAGAAGACG 457 
Pp-rpS2-R       AGCCCACTCTTATTTTAATCCTATCCCTAAATCCTCTTTA---TTCAAAAGAAGAAGACG 476 
Di-rpS2-D       AAAT-AATATTAGTTTAAAACCATTCTTAAAAGTATTTTACGTTTTAAAAGAGGTAAA-G 460 
                *    * * *** *****  * ** * ****     ****   ** ****** * * * * 
 
Pp-rpS2-D       TACTC-TCAAATACCAAAATTCCCAGCAAT-TCTTTAAGTATTCTTGATAG-AATGTGTG 514 
Pp-rpS2-R       TACTCCTCAAATACCAAAATTCCCAGCAATCTCTTTAAGTATTCTTGATAGCAATGTGTG 536 
Di-rpS2-D       TACTCGT---ATACCTAAATTACCTACTAT-TCTTTCAGTGTACTTGATAATTTTAT-TG 515 
                ***** *   ***** ***** **  * ** ***** *** * *******    * * ** 
 
Pp-rpS2-D       GCTACATGAGTGTTTATGTTTACGTATTCCTTC-ATACAAATATGTGATAATCAAAGC-A 572 
Pp-rpS2-R       GCTACATGAGTGTTTATGTTTACGTATTCCTTCCATACAAATATGTGATAATCAAAGCCA 596 
Di-rpS2-D       GTTGAATGAATGTC-ATAATTTAAAATACCATCTAT-CAATTATGTGACACACAATCTTT 573 
                * *  **** ***  **  **    ** ** ** ** *** ******* *  ***      
 
Pp-rpS2-D       ATTTGAAAAGGTAACATACCCTAT-ATTTCAAATCAACGATCGATGGC-TTTTCACATTT 630 
Pp-rpS2-R       ATTTGAAAAGGTAACATACCCTATCATTTCAAATCAACGATCGATGGCCTTTTCACATTT 656 
Di-rpS2-D       TTTTGATAAAGTTACTTATCCTAT-GTAGCTAATCAAAGATCTGTA-CATTAACATATT- 630 
                 ***** ** ** ** ** *****  *  * ****** ****  *  * **  ** ***  
68 
 
Pp-rpS2-D       AATTGTTTAT-TTGCTGCTGAAGTATCTAATACTAGT-TTTT--TAGTTC-TCAT-TTGA 684 
Pp-rpS2-R       AATTGTTTATCTTGCTGCTGAAGTATCTAATACTAGTCTTTT--TAGTTC-TCATCTTGA 713 
Di-rpS2-D       ACTTGTACAT-TTATTTTTGAAGT---TTGTACCAATGCTTTACTAGATAGTCAT-TTAC 685 
                * ****  ** **  *  ******   *  *** * *  ***  *** *  **** **   
 
Pp-rpS2-D       TTTTCTATCTTTTTATAAAAAT-GTGGACCCAAAGTTTTTGCAT-TACTTTAAATAAATC 742 
Pp-rpS2-R       TTTTCTATCTTTTTATAAAAATCGTGGACCCAAAGTTTTTGCATCTACTTTAAATAAATC 773 
Di-rpS2-D       TTTTATCTCTTATTATAAATATTATCAAAAAAGAATATTTGTGC------TAAGAAAATT 739 
                **** * **** ******* **  *  *   * * * ****         ***  ****  
 
Pp-rpS2-D       CAATAT-ATTTCTAGTAGATTACGAT-TTTAATCAGATATAAGC-TTATGGTATATATAC 799 
Pp-rpS2-R       CAATATCATTTCTAGTAGATTACGATCTTTAATCAGATATAAGCCTTATGGTATATATAC 833 
Di-rpS2-D       AGAAAT--ATTATAGTAAACAAAAAA---AAAGAAAGAAAAAACTTCGCCGTGCAAAAA- 793 
                  * **   ** ***** *  *  *     **  *   * ** * *    **  * * *  
 
Pp-rpS2-D       AAGA-GTTTTCACAA-AAAAACAAAATCATATCAT-TTGTTTTAACAGAAAAAGGGTCTT 856 
Pp-rpS2-R       AAGACGTTTTCACAA-AAAAACAAAATCATATCATCTTGTTTTAACAGAAAAAGGGTCTT 892 
Di-rpS2-D       AAAATATATTAAAGATAAAAGTAAAA--AGGTCAA---AATCTAAAAAAAAAAGTATAAA 848 
                ** *  * ** *  * ****  ****  *  ***      * *** * ******  *    
 
Pp-rpS2-D       ATCGTTA-ATTAAAATAAAACGG-AACGCATTTATTATCGTTTAAGACG-AT-TAGATTT 912 
Pp-rpS2-R       ATCGTTACATTAAAATAAAACGGCAACGCATTTATTATCGTTTAAGACG-ATCTAGATTT 951 
Di-rpS2-D       A-CGT------AAAGTACGACG----TCCATTACTAGTCGTAAAAAAAGTAT-TATGTCT 896 
                * ***      *** **  ***      ****  *  ****  ** * * ** **  * * 
 
Pp-rpS2-D       ATTAAAAAACAG-GTAAATCTAAACG--TAAAAAACCTTTAAT-TTAAATAAACGTAC-T 967 
Pp-rpS2-R       ATTAAAAAACAGCGTAAATCTAAACG--TAAAAAACCTTTAATCTTAAATAAACGTACCT 1009 
Di-rpS2-D       ATAAGATATAAGAAAAAAATTAAAAGACTAAAAAAACGTAGATATTATTTAAA---AT-C 952 
                ** * * *  **   ***  **** *  ******* * *  ** ***  ****   *    
 
Pp-rpS2-D       ATATTTTTAATAAACGATT-----TTTTACTTAT-AAATAAAAAATTTAATTAATACAAA 1021 
Pp-rpS2-R       ATATTTTTAATAAACGATT-----TTTTACTTATCAAATAAAAAATTTAATTAATACAAA 1064 
Di-rpS2-D       AAATTTAAAATTAAAAATTAAGAGTTTTATTTTT---AGACGTATTTTTAGAAAAAGAAA 1009 
                * ****  *** **  ***     ***** ** *   * *   * *** *  ** * *** 
 
Pp-rpS2-D       TAT-AATCTATATTTTGCTCATACTAAG-ATTATTATAAAATAATTCGT-ATCAATTATG 1078 
Pp-rpS2-R       TATCAATCTATATTTTGCTCATACTAAGCATTATTATAAAATAATTCGTCATCAATTATG 1124 
Di-rpS2-D       AGTTAAACGACTTTTAGC----AGTAAA------AAAAAAAAAACGTGTAAAAAATTCTC 1059 
                  * ** * *  *** **    * ***        * **** **   ** *  **** *  
 
Pp-rpS2-D       GCTATC-ATTAAATGGCTTAAAAAAACTTATAAC-GTATATTATGGCAAAAAAAA---CA 1133 
Pp-rpS2-R       GCTATCCATTAAATGGCTTAAAAAAACTTATAACCGTATATTATGGCAAAAAAAA---CA 1181 
Di-rpS2-D       -CTAGAATTTTAA----TTAGAAAAA--TATTAT-TTATTCTATGAAAGAAAGAAATTTA 1111 
                 ***    ** **    *** *****  *** *   ***  ****  * *** **    * 
 
Pp-rpS2-D       T--CGTAGACGACGGGTTAAA-GAAATATATATTTAAGACGC-GTTTGCTTTTTAAATC- 1188 
Pp-rpS2-R       T--CGTAGACGACGGGTTAAACGAAATATATATTTAAGACGCCGTTTGCTTTTTAAATCC 1239 
Di-rpS2-D       TTACATAAGAAAAAAGAAAAAAGAAAAAAACAAATATTATTC--TTTCTTAATTAAAA-- 1167 
                *  * **    *   *  *** **** * * *  **  *  *  ***  *  *****    
 
Pp-rpS2-D       ATTATAGATCTTTATAAG--TTATTATAATTAGTACCCTCGGATTA--AGAAAAACT-TT 1243 
Pp-rpS2-R       ATTATAGATCTTTATAAGC-TTATTATAATTAGTACCCTCGGATTA--AGAAAAACT-TT 1295 
Di-rpS2-D       AGTAAATAGTTTAACAAAAAATACTTTA--CAGTATCGTTAAATAATCATAAAGATTATT 1225 






Pp-rpS2-D       AT-TCGCAAACG----AAAAGGAAAG-GACGTTTTAT-TAC-ATGGT--------TCCTT 1287 
Pp-rpS2-R       ATCTCGCAAACG----AAAAGGAAAGCGACGTTTTAT-TACCATGGT--------TCCTT 1342 
Di-rpS2-D       AACTAAAAAACATGCTATAAGAAATTAAATACTTTATATATGATAATCGCACATGTTCTT 1285 
                *  *   ****     * *** **    *   ***** **  **  *        * *** 
 
Pp-rpS2-D       TTAAGA---AA-GTGA-TATAAAAAGT-TAC-----TTATTTGCAGTTATTTACAAGTCA 1336 
Pp-rpS2-R       TTAAGA---AACGTGA-TATAAAAAGTCTAC-----TTATTTGCAGTTATTTACAAGTCA 1393 
Di-rpS2-D       TTAAAATAAAACATAAACATAAAACACCTGCAAAAGTCATTTCTAATAACATGCTC-CTA 1344 
                **** *   **  * *  ******    * *     * ****  * * *  * *     * 
 
Pp-rpS2-D       AACAATCTAA---TAAAATTTAA 1356 
Pp-rpS2-R       AACAATCTAA---TAAAATTTAA 1413 
Di-rpS2-D       AGTATTTTTTCTTTATTATTTAA 1367 































Pp-rpS8-D       ATGACAGCC-GTTTTTCTGCTATGAT-AGTATCATGAATGCCACTAT-AAGACTGGTAAT 57 
Pp-rpS8-R       ATGACAGCCCGTTTTTCTGCTATGATCAGTATCATGAATGCCACTATCAAGACTGGTAAT 60 
Di-rpS8-D       TTGACTGCC-GTTTTCCTAATATGAT-GGTGTTATGCGTACCTGTAT-AAAACAGGTGTA 57 
                 **** *** ***** **  ******  ** * ***  * **  *** ** ** ***    
 
Pp-rpS8-D       TCTTTCTGTGAAATACCAG-TAATAATTTATGTAT-AATACTTTACGTCTTTTACGAAAT 115 
Pp-rpS8-R       TCTTTCTGTGAAATACCAGCTAATAATTTATGTATCAATACTTTACGTCTTTTACGAAAT 120 
Di-rpS8-D       AGTTTTTGTGAAATACCAA-TAATAAATTGTGTAT-AATATTCTTCGTTTGTTTCGTGAT 115 
                  *** ************  ****** ** ***** **** * * *** * ** **  ** 
 
Pp-rpS8-D       -AAGGATATATTTGGGGATTTAGTTATGT-TCTCCACAATTACGAGCGAAACGT-TATAT 172 
Pp-rpS8-R       CAAGGATATATTTGGGGATTTAGTTATGTCTCTCCACAATTACGAGCGAAACGTCTATAT 180 
Di-rpS8-D       -GAGGTTATATTTATGGATTTAAT-ATAATTCTCCAAAAAAAAAACATGCTCGT-TATAT 172 
                  *** *******  ******* * **   ****** **  *  *      *** ***** 
 
Pp-rpS8-D       CCGAGAGTTAAAAT-TTCTTTAAATATAT-GATAGCAATACTC-AGTAATAAAATC-ATT 228 
Pp-rpS8-R       CCGAGAGTTAAAATCTTCTTTAAATATATCGATAGCAATACTCCAGTAATAAAATCCATT 240 
Di-rpS8-D       CCACGAGTTAAAATACATTTTAAATTTAG-GAT-GCATCTTCTCTGTATTAAAAGATGTT 230 
                **  **********    ******* **  *** ***        *** *****    ** 
 
Pp-rpS8-D       AATATTTTTAAAAGAACC-GTTCTAATTTC-CGTATTATC-GAAATAATAAACTT-TATC 284 
Pp-rpS8-R       AATATTTTTAAAAGAACCCGTTCTAATTTC-CGTATTATCCGAAATAATAAACTT-TATC 298 
Di-rpS8-D       GCTGTTTTTAAAAATTCTTAT-CTAATTTTACGT-CTATT--AAATACGGAATCAATATC 286 
                  * *********   *   * *******  ***  ***   *****   **    **** 
 
Pp-rpS8-D       AAATC-TTGCACAAAATAAATTATATATT-TGTCAACAACTAAAGGACTTATTATAACCT 342 
Pp-rpS8-R       AAATCCTTGCACAAAATAAATTATATATTCTGTCAACAACTAAAGGACTTATTATAACCT 358 
Di-rpS8-D       AAATT-TATCACAACATAAATTATTTATT-TTTCAACTACTCAAGGA-TTATTATTATCT 343 
                ****  *  ***** ********* **** * ***** *** ***** ******* * ** 
 
Pp-rpS8-D       -C-TTAGACA-ATTTATATAATGATC--TAATAAA----------ATCC-AAAAAAATAG 386 
Pp-rpS8-R       -CCTTAGACA-ATTTATATAATGATC--TAATAAA----------ATCCCAAAAAAATAG 404 
Di-rpS8-D       TCTTTAGTGATATCTCTACAAAAATCAATACTAAATTTCCTTTCCATTTTGGAGGGAAAC 403 
                 * ****  * ** * ** **  ***  ** ****          **     *   * *  
 
Pp-rpS8-D       GTTATCTGGCAAACTA-TAGCTGAAATTTTTATATGA 422 
Pp-rpS8-R       GTTATCTGGCAAACTACTAGCTGAAATTTTTATATGA 441 
Di-rpS8-D       TTTTATTAGAACTTTA-TA-TTTAAATATAACTATGA 438 














Pp-rpS13-D      ATGAT-GATA--CT-----TCTTATTTATCACTTCAACCTCGT-AATCCTGTGT-GCTAG 50 
Pp-rpS13-R      ATGATCGATA--CT-----TCTTATTTATCACTTCAACCTCGTCAATCCTGTGTCGCTAG 53 
Di-rpS13-D      ATGCAAAATAAACTGAAGGTTTTATTCGTT--TTCAATATAGA-AATCTTGTGT-ACTAC 56 
                ***    ***  **     * *****  *   *****  * *  **** *****  ***  
 
Pp-rpS13-D      TTTTCAAATATT--CTA-GGTATTGGTAAAATAAAAGCAAC-AGATTAAATAGTTTT-TA 105 
Pp-rpS13-R      TTTTCAAATATT--CTACGGTATTGGTAAAATAAAAGCAACCAGATTAAATAGTTTTCTA 111 
Di-rpS13-D      TAT--AGATACTATTTA-GGAATTGGTAAAGTAAAAGCTAATCGCTTAAATGCTTTT-TT 112 
                * *  * *** *   ** ** ********* ******* *   * ******  **** *  
 
Pp-rpS13-D      CTTAATCATCC-GTACAAACAAGATTTACATTTA-ATTTTAAAGAAG-AATTTATCCT-- 160 
Pp-rpS13-R      CTTAATCATCCCGTACAAACAAGATTTACATTTA-ATTTTAAAGAAGTAATTTATCCT-- 168 
Di-rpS13-D      TTAAATCATCCAAT-CAAGTAATATTT-CACAAAGATTTTA------CCACTTATTACAG 164 
                 * ********  * ***  ** **** **   * ******        * ****      
 
Pp-rpS13-D      ---TCAACTGGTTTAGATATTTGGAAAAAAATACCAAAAGATATGAAAATTCGT-TG-TG 215 
Pp-rpS13-R      ---TCAACTGGTTTAGATATTTGGAAAAAAATACCAAAAGATATGAAAATTCGTCTG-TG 224 
Di-rpS13-D      GAGCCAAAAGGTAGAAATATTATGAATAAGTTGTTTATTGAAACAAAAATTCGTTTAATG 224 
                    ***  ***  * *****  *** **  *    *  ** *  ********* *  ** 
 
Pp-rpS13-D      TGTGGAAAAT-ACTTACGAAATAAAAT--C-TTACATATTGTTAT-AAATGTATCGTTTA 270 
Pp-rpS13-R      TGTGGAAAATCACTTACGAAATAAAAT--CCTTACATATTGTTATCAAATGTATCGTTTA 282 
Di-rpS13-D      TTTC-ACAAT-ATCTACGTGATAAAATAACGTT---TTTTGTTAT-AAGCATATAGAATG 278 
                * *  * *** *  ****  *******  * **   * ******* **   *** *  *  
 
Pp-rpS13-D      TTTCAAAATCTTCCTAC-AAAGGACAACGTACAAAAGCTAATGC-AATGC-CATTTATA- 326 
Pp-rpS13-R      TTTCAAAATCTTCCTACCAAAGGACAACGTACAAAAGCTAATGCCAATGC-CATTTATA- 340 
Di-rpS13-D      TTTCAAGAATTACCTAC-AAGGGACAACGTACCCACGGTAATGC-GGTACACCTTCACGT 336 
                ****** *  * ***** ** ***********  * * ******   * * * ** *    
 
Pp-rpS13-D      AT-TAAATCCTTATAAAGCTTTGCAGGT-AATATTGTTTTTTAT-ATGCATTAGAAGT-G 382 
Pp-rpS13-R      ATCTAAATCCTTATAAAGCTTTGCAGGTCAATATTGTTTTTTATCATGCATTAGAAGTCG 400 
Di-rpS13-D      AT---AACCCTTATTTATCCTTGAACAT-AATCAGGATTTTTAT-ATGTAAAAAAAGT-G 390 
                **   ** ******  * * *** *  * ***   * ******* *** *  * **** * 
 
Pp-rpS13-D      CATATAAAAAAAGAGAATTATTAAATAA-GAACGTTATGATGAGTTAAAAGC-TTTGAAG 440 
Pp-rpS13-R      CATATAAAAAAAGAGAATTATTAAATAACGAACGTTATGATGAGTTAAAAGCCTTTGAAG 460 
Di-rpS13-D      AATATAAACGACAAGAGCTATTAAATAA-GCTCGTCATGAAGAACTTAAGAC-TTTAATG 448 
                 *******  *  ***  ********** *  *** **** **  * **  * *** * * 
 
Pp-rpS13-D      A-GGCT-AGGCTCAGAAAGAAAAAATGAAAAAAGAAGAC-AAAAACAAAAAAGCCGTAGA 497 
Pp-rpS13-R      A-GGCTCAGGCTCAGAAAGAAAAAATGAAAAAAGAAGACCAAAAACAAAAAAGCCGTAGA 519 
Di-rpS13-D      ATGGTT--TGTTACTAAAGAAAAAACAAAAAAAGAAGAG-GCAAGCGCAAAAG---TAAA 502 
                * ** *   * *   **********  ***********    ** *  *****   ** * 
 
Pp-rpS13-D      T---CTAGACAAGAATTTATTAAACATC----AAAGACTTAAATCATAA 539 
Pp-rpS13-R      T---CTAGACAAGAATTTATTAAACATC----AAAGACTTAAATCATAA 561 
Di-rpS13-D      TTGCCTAAGCAAATATTCTATAAAAATTTAAAAAAGAAATAAATGTTAA 551 








Pp-rpS14-D      ATGAT-TCCATATTACAAA-ATCAATAAAAGATAAAAAACAA-GTATGCAGTTTAAAGCG 57 
Pp-rpS14-R      ATGATCTCCATATTACAAACATCAATAAAAGATAAAAAACAACGTATGCAGTTTAAAGCG 60 
Di-rpS14-D      ATGAT-TCTCGATTACAAA-ATCATTAAAACAAAAGATTCAAGAAATATATTCAAAAATT 58 
                ***** **   ******** **** ***** * ** *  ***   **  * *  ***    
 
Pp-rpS14-D      T-AGAAATGGAACGACGTTATTACAAG-TTATGAAATTACAAG-TACTAATATTGGCTTT 114 
Pp-rpS14-R      TCAGAAATGGAACGACGTTATTACAAGCTTATGAAATTACAAGCTACTAATATTGGCTTT 120 
Di-rpS14-D      T--GAGATAGACAGAAGATACTACAAA-TGTTGAAAATACAAG-TACTACAGTGGGTTTT 114 
                *  ** ** **  ** * ** *****  *  ***** ****** *****   * ** *** 
 
Pp-rpS14-D      ATGCCC-TACGTACACTTC-GAAAGTTCAATTAAAAAATTA-TGTCTTATAACAGGTAGA 171 
Pp-rpS14-R      ATGCCCCTACGTACACTTCCGAAAGTTCAATTAAAAAATTACTGTCTTATAACAGGTAGA 180 
Di-rpS14-D      ATGCCA-TACGCAAACTTC-CAAAGTTCATATAAAAAACTA-TGCTTATTGAGCGGTAAG 171 
                *****  **** * *****  ********  ******* ** **  *  * *  ****   
 
Pp-rpS14-D      GCACGTT-AATTTATTCCAAAAAATTTAGAATTTCAAGA-ACCAAATAAAAGCTTATTTT 229 
Pp-rpS14-R      GCACGTTCAATTTATTCCAAAAAATTTAGAATTTCAAGACACCAAATAAAAGCTTATTTT 240 
Di-rpS14-D      GCACGTT-AGTTTATTCTAGAAAACTTCGTTTATCAAGA-ATCAAATAAAGGCTTACTTT 229 
                ******* * ******* * **** ** *  * ****** * ******** ***** *** 
 
Pp-rpS14-D      ACCTATATTTCTGGATTACGTAACTCATCCTGGTAA 265 
Pp-rpS14-R      ACCTATATTTCTGGATTACGTAACTCATCCTGGTAA 276 
Di-rpS14-D      ATGTATATGACTGATCTACGAATTTCTTCCTGGTAA 265 























Pp-rpS16-D      ATGAAAAGTATAT-TAAAATAATAAAAAAGAAT-ATAGACAAAAACTAGGT-GTTATAAT 57 
Pp-rpS16-R      ATGAAAAGTATATCTAAAATAATAAAAAAGAATCATAGACAAAAACTAGGTCGTTATAAT 60 
Di-rpS16-D      ATGAAAGGTTTAG-TAAAATTTTAAAGAAAGATAAC-GTCATAATTCAGGT-GTTTTAAT 57 
                ****** ** **  ******  **** **  ** *  * ** **   **** *** **** 
 
Pp-rpS16-D      AAAGAGTTAATAATACGTTTAG-TATTAAAAGACGG-TTAAATATAAACC-GTGTATCAT 114 
Pp-rpS16-R      AAAGAGTTAATAATACGTTTAGCTATTAAAAGACGGCTTAAATATAAACCCGTGTATCAT 120 
Di-rpS16-D      AGAGAATTAGTTATAAGATTAG-AGTTAAAAAACAAATGTAAAA-AAACC-ATCTATCAC 114 
                * *** *** * *** * ****   ****** **   *  ** * *****  * *****  
 
Pp-rpS16-D      -TTGTTTTAGCAAGAAGAAGAT-AGGTGCTAG-TGTCGTTATGA-AATTTGGGCTTTTAT 170 
Pp-rpS16-R      CTTGTTTTAGCAAGAAGAAGATCAGGTGCTAGCTGTCGTTATGACAATTTGGGCTTTTAT 180 
Di-rpS16-D      -TTRTATTAGCAAGAAGAAGAT-ACGTGCGGG-TGTCGTTATGA-AATTTAGGCTTTTAT 170 
                 ** * **************** * ****  * *********** ***** ********* 
 
Pp-rpS16-D      GAAGTCTTTAAAA---CAAATAAAC-ATTTCATATATTAGGTCTTAAT-GTAAGAAAATT 225 
Pp-rpS16-R      GAAGTCTTTAAAA---CAAATAAACCATTTCATATATTAGGTCTTAATCGTAAGAAAATT 237 
Di-rpS16-D      GAAATTTTTAAAGATTCAAGGAAAT-ATTTCATATTTTAGGTTTAAAT-GTAAAAAAATA 228 
                *** * ******    ***  ***  ********* ****** * *** **** *****  
 
Pp-rpS16-D      AAAAATGCGATAGC-TTAGGAGCTTCGATT-ATATTTCTGTTTATAAACTT-TATTAAAT 282 
Pp-rpS16-R      AAAAATGCGATAGCCTTAGGAGCTTCGATTCATATTTCTGTTTATAAACTTCTATTAAAT 297 
Di-rpS16-D      AAAGATGCGATATC-TTAGGTGCTAGTGTT-ATATTTCTGTATATAAA-TTATCTTAAAT 285 
                *** ******** * ***** ***    ** ********** ****** ** * ****** 
 
Pp-rpS16-D      TAA 285 
Pp-rpS16-R      TAA 300 
Di-rpS16-D      TAA 288 




















Pp-rpL6-D       ATGAT--ATTGCCT---CTTCTTATC-TTTATTACAATTTAATGAAAT-AATAGCATTGA 53 
Pp-rpL6-R       ATGAT-CATTGCCT---CTTCTTATCCTTTATTACAATTTAATGAAATCAATAGCATTGA 56 
Di-rpL6-D       ATGATACATTAGAAAAATATCTGAAATATCATTAAAAC---ATAAATCTAAAATTACTGG 57 
                *****  ***         *** *    * **** **    ** **   ** *  * **  
 
Pp-rpL6-D       AGGTAT-TTAAGTAAACAAAAT-TATTATTAAAAAGCTTTTTAAC-----AAAGAACCAA 106 
Pp-rpL6-R       AGGTATCTTAAGTAAACAAAATCTATTATTAAAAAGCTTTTTAACC----AAAGAACCAA 112 
Di-rpL6-D       AA-CAT---AAATAAGACAGCTAGATT-TCAAAAAGTTTTATAACGCTTTTGAAAATTCT 112 
                *   **   ** ***   *  *  *** * ****** *** ****       * **     
 
Pp-rpL6-D       ACAGTTTATTTATGG-TAAAAAACAAAAT----AAGTTATTAT-ATCTTCAAATATAAT- 159 
Pp-rpL6-R       ACAGTTTATTTATGGCTAAAAAACAAAAT----AAGTTATTATCATCTTCAAATATAATC 168 
Di-rpL6-D       TCG--TTATTTATAGTGATAACATTAAGTTTAAAACTTATTTT--CCTTGAAAGACA-T- 166 
                 *   ******** *  * ** *  ** *    ** ***** *   *** *** * * *  
 
Pp-rpL6-D       AAGAAAAAACATAATGGTTTT-TTATAGAGATATTATTTCATGGATT-AATTTCAGTGCT 217 
Pp-rpL6-R       AAGAAAAAACATAATGGTTTTCTTATAGAGATATTATTTCATGGATTTAATTTCAGTGCT 228 
Di-rpL6-D       AAGAAAAAAGATAATGGATAT-TTTTAGAATTATTATTTCATGGACA-AACTATAACGC- 223 
                ********* ******* * * ** ****  **************   ** *  *  **  
 
Pp-rpL6-D       AAAAGATTTAAA--TTAGCGCGAAATAAATATTTTATAGATACGCATAAAT-TGAAGTAT 274 
Pp-rpL6-R       AAAAGATTTAAA--TTAGCGCGAAATAAATATTTTATAGATACGCATAAATCTGAAGTAT 286 
Di-rpL6-D       AAAACGTTTAAAGATGAATA-GACCTCAGTATCAAGTTGACGTTCATAAGT-AGAGTTAT 281 
                ****  ******  * *    **  * * ***    * **    ***** *  **  *** 
 
Pp-rpL6-D       TTAT-TGTGATGAACCTGTAA-TAGTACTTTTAAATCTCAAGTC-ATAAAAGAAGATTAA 331 
Pp-rpL6-R       TTATCTGTGATGAACCTGTAACTAGTACTTTTAAATCTCAAGTCCATAAAAGAAGATTAA 346 
Di-rpL6-D       TTAT-TGTAATGAAAATGCAT-TAATACATTTAAATCACATATC-ATAAACGTCGTTTAG 338 
                **** *** *****  ** *  ** *** ******** **  ** ***** *  * ***  
 
Pp-rpL6-D       T-TTCTTTAGTTATGATAATCAT---TTTTACATACCCTAGAAAAAGCTAT-AAACAATT 386 
Pp-rpL6-R       TCTTCTTTAGTTATGATAATCATC--TTTTACATACCCTAGAAAAAGCTATCAAACAATT 404 
Di-rpL6-D       TTTTTTTTAGTTACGATAAAAATTAATGGTAAATATTGAAAGAAAAAT-----AAGAGTT 393 
                * ** ******** *****  **   *  ** ***    *  ****       ** * ** 
 
Pp-rpL6-D       TAAAT-TAC-AGATTCTTATAC-GGTAAAGGTTTGTTTGAACGTCATGA-----TCTTAT 438 
Pp-rpL6-R       TAAAT-TACCAGATTCTTATACCGGTAAAGGTTTGTTTGAACGTCATGAC----TCTTAT 459 
Di-rpL6-D       TAAAAATGCTA-ATGTCTATAC-GGCAAAGGTATTTTTTCACGCAATGATTATATGTTTT 451 
                ****  * * * **   ***** ** ****** * ***  ***  ****     * ** * 
 
Pp-rpL6-D       AAAATAA---AACAACGTAAG-AAA-GTAAA-TAA 467 
Pp-rpL6-R       AAAATAA---AACAACGTAAG-AAACGTAAA-TAA 489 
Di-rpL6-D       AAAAGAAGGAAAAAAAGTAAATAAATGCAAAATAA 486 











Pp-rpL14-D      ATGCGAT-TGGTACAGTTGTTAAAGTAGC-GATAATTCCGGTCCATG-TTCCTTCGAATA 57 
Pp-rpL14-R      ATGCGATCTGGTACAGTTGTTAAAGTAGCCGATAATTCCGGTCCATGCTTCCTTCGAATA 60 
Di-rpL14-D      ATG-GGCCAGGAACTAAAGTACGTGTAGC-GATAACTCAGGACCATG-TTTTTAAGGATT 57 
                *** *    ** **    **    ***** ***** ** ** ***** **  *  * **  
 
Pp-rpL14-D      ATAAAAATATTAAGAT-TCATCCTCAAGCTACAGCAAAATT-GGTGATCATGTTGTAGGT 115 
Pp-rpL14-R      ATAAAAATATTAAGATCTCATCCTCAAGCTACAGCAAAATTCGGTGATCATGTTGTAGGT 120 
Di-rpL14-D      ATTAAAGTGTTACGGT-AAGCCCTTTAGCATCTACAAAAAT-GGTGATTTTGTCGTGGGA 115 
                ** *** * *** * *     ***  ***  *  ***** * ******  *** ** **  
 
Pp-rpL14-D      T-TGTATTATATACTCAT-AACAGATGAAATTTAAAGT-GAAAAAGGTTCTTTAGTC-GT 171 
Pp-rpL14-R      TCTGTATTATATACTCATCAACAGATGAAATTTAAAGTCGAAAAAGGTTCTTTAGTCCGT 180 
Di-rpL14-D      T-TGTTCTAAGTGTACAT-AACGTAAAAAGTTTAAAGT-TCAAAGGGTTCTCTTGTC-GC 171 
                * ***  **  *   *** ***  *  ** ********   *** ****** * *** *  
 
Pp-rpL14-D      GCTATTTGTAT-AGAATAGCAAATTCTCATTTACGAT-AGATGGACAACGA-TAAGGTTT 228 
Pp-rpL14-R      GCTATTTGTATCAGAATAGCAAATTCTCATTTACGATCAGATGGACAACGACTAAGGTTT 240 
Di-rpL14-D      GCTATATGTAT-AGACGTGCAAGCACTATAAAAAGAAAAGATGGACAATGTTTAAA-TTT 229 
                ***** ***** ***   ****   **     * **  ********** *  ***  *** 
 
Pp-rpL14-D      CAATATCCTGCTGTTGC-ATTATTACAAAAAA-GGCGTTCCAAGAGGAACAAAAATATTT 286 
Pp-rpL14-R      CAATATCCTGCTGTTGCCATTATTACAAAAAACGGCGTTCCAAGAGGAACAAAAATATTT 300 
Di-rpL14-D      CAAGAAGGCTCTGTCGT-ATAGTGACTCGAAA-GGTTTACCACGAGGAACTAAAATTTTT 287 
                *** *     **** *  **  * **   *** **  * *** ******* ***** *** 
 
Pp-rpL14-D      GGCC-TTTACCTAAAGAATTGCGTGAG-AAGGTTATATTCGT-TTATGTCTTTGGGTAC- 342 
Pp-rpL14-R      GGCCCTTTACCTAAAGAATTGCGTGAGCAAGGTTATATTCGTCTTATGTCTTTGGGTACC 360 
Di-rpL14-D      GGCC-TGTGCCAAAGGAGCTTCGAGAA-AAGGCTTTATTAGA-TTATATCGTTAAGTAC- 343 
                **** * * ** ** **  * ** **  **** * **** *  **** ** **  ****  
 
Pp-rpL14-D      ATCGCTTTATAA 354 
Pp-rpL14-R      ATCGCTTTATAA 372 
Di-rpL14-D      ATCGCATTATAA 355 

















Pp-rpL19-D      ATGCAAT--CTTATTTTA-TTCATTACTTAAGACTAAGCTTAATTTAT-ATCAAT-TA-C 54 
Pp-rpL19-R      ATGCAAT--CTTATTTTACTTCATTACTTAAGACTAAGCTTAATTTATTATCAAT-TA-C 56 
Di-rpL19-D      ATGCAACAATATATTTTA---TGTTAATGAAAACAAAATATAA---ATTGTCAATGCATC 54 
                ******     *******     *** * ** ** **   ***   **  *****  * * 
 
Pp-rpL19-D      AGGTAAAAAACCTCATCTTGATTATAAG-GAGAACGCTTAAC-GGTAAAGTACTTTCTGT 112 
Pp-rpL19-R      AGGTAAAAAACCTCATCTTGATTATAAGCGAGAACGCTTAACCGGTAAAGTACTTTCTGT 116 
Di-rpL19-D      AAAAAAAAGACCTGTACTTGGTCAAAATATAGTA-GATTAAC-GGTAAAGTATTGCGGGT 112 
                *   **** ****   **** * * **   ** * * ***** ********* *    ** 
 
Pp-rpL19-D      TTTATTTGATAAAAGAACAACATCCTTTGAAGT--CAGATTTTATAAAGA-ATCAAAAAA 169 
Pp-rpL19-R      TTTATTTGATAAAAGAACAACATCCTTTGAAGTGTCAGATTTTATAAAGACATCAAAAAA 176 
Di-rpL19-D      GATGTTTAACAAACAAACTACTAGATTTGAAGT--CTGATTTTGTTAAAA-ATCAAAAAA 169 
                  * *** * ***  *** **    ********  * ****** * ** * ********* 
 
Pp-rpL19-D      GCTT-GATCAAATATTAGTGAAGTT-AGGTTAGAGATATATTTCAATATAACTT-ATAGG 226 
Pp-rpL19-R      GCTTCGATCAAATATTAGTGAAGTTCAGGTTAGAGATATATTTCAATATAACTTCATAGG 236 
Di-rpL19-D      ACAA-GTTCCAATGTTGTTGATGTT-AAGTCAAAGATATCTTTCAATATAATTT-ATAGG 226 
                 *   * ** *** **  *** *** * ** * ****** *********** ** ***** 
 
Pp-rpL19-D      CTTGTGTAT-GCTCATAAAAAAGATC-ATTTGTTATTAATAC-TCTTTTTTAATACGTAA 283 
Pp-rpL19-R      CTTGTGTATCGCTCATAAAAAAGATCCATTTGTTATTAATACCTCTTTTTTAATACGTAA 296 
Di-rpL19-D      TATATGTAT-GCTCAAAAAAAAGATCCTTTTATTTTAAATAC-TCTTTTTTGATACGTAA 284 
                  * ***** ***** **********  *** ** * ***** ******** ******** 
 
Pp-rpL19-D      TACTTTTGATCGTACTC-ATATGAATTGCATGCGAAT-TATTTTCTCCTATAATTGAAAG 341 
Pp-rpL19-R      TACTTTTGATCGTACTCCATATGAATTGCATGCGAATCTATTTTCTCCTATAATTGAAAG 356 
Di-rpL19-D      TACTTTTGATCA-ATTTCTTATGAGCTCTCTGTGCCT-TTTATTCCCCTATGGTTGATGC 342 
                ***********  * *   *****  *   ** *  * * * *** *****  ****    
 
Pp-rpL19-D      TATC-ATGTTCATTCTGCAGTAGAAAAA-TATTTTATATAACC-ATAGTAAATATTATTA 398 
Pp-rpL19-R      TATCCATGTTCATTCTGCAGTAGAAAAACTATTTTATATAACCCATAGTAAATATTATTA 416 
Di-rpL19-D      TATA-GTGTGCTTCCTTACATTGATAAG-TATTTTAT-TATACCATAGTAAATATTATTA 399 
                ***   *** * * **    * ** **  ******** **  * **************** 
 
Pp-rpL19-D      TTTACGTAAAAAAC-TATGCCCTTATCTACTAT-TATTTTGACTATGTTAT-GACATGTT 455 
Pp-rpL19-R      TTTACGTAAAAAACCTATGCCCTTATCTACTATCTATTTTGACTATGTTATCGACATGTT 476 
Di-rpL19-D      TTTAAGAAAAAAAC-TATGCCTTTATCTACAAT-TATTTTGATTATGTTGT-GATATGTA 456 
                **** * ******* ****** ******** ** ******** ****** * ** ****  
 
Pp-rpL19-D      TGATCATGACAT-TTACATGAAGAAGACTCTAACAT----AAAGCT---------ATTGA 501 
Pp-rpL19-R      TGATCATGACATCTTACATGAAGAAGACTCTAACATC---AAAGCT---------ATTGA 524 
Di-rpL19-D      TGCTCATGATGGGATG-ATTTAAAAGATTCTAATATTTTTAAAGATTATCTATAAATTGG 515 
                ** ******     *  **  * **** ***** **    **** *         ****  
 
Pp-rpL19-D      AAAGAAAAGTTTAACTTCTAAAGAGAATTTAACAGCTTC---TAATAAAAGCTAA 553 
Pp-rpL19-R      AAAGAAAAGTTTAACTTCTAAAGAGAATTTAACAGCTTC---TAATAAAAGCTAA 576 
Di-rpL19-D      TAATAATAGCATAAC-----AATAAAATTTGAAATATTAATATAATATTATATAA 565 








Pp-php22-D      AAAATAAAAATA-AGTTAA-------ATGAAAAAAAGATATGGACT---GAATCTATCAT 49 
Pp-php22-R      AAAATAAAAATA-AGTTAAC------ATGAAAAAAAGATATGGACTC--GAATCTATCAT 51 
Di-php22-D      AAAAAAAAAATACAGTAAACTTTATAATGAAAAAAAGATA---ACTTTTGATTCTAT-AT 56 
                **** ******* *** **       **************   ***   ** ***** ** 
 
Pp-php22-D      TGGGAAGAATTCTTCTTTACGTTTTCCTCGA-TAGTATCCATAGAAGATATAACAACTAT 108 
Pp-php22-R      TGGGAAGAATTCTTCTTTACGTTTTCCTCGACTAGTATCCATAGAAGATATAACAACTAT 111 
Di-php22-D      AGGAAAAAAATCTAAAATAAGAATGCCACGTAT-GTTTTTATGGAAAAGA-AGAAAAAAT 114 
                 ** ** ** ***    ** *  * ** **  * ** *  ** *** * * *  **  ** 
 
Pp-php22-D      AAA-AGTATTCTTC-AGCAAATAGCGAAGAAATAGAATC-TCTTTAA-ATA-TGCGCTTA 163 
Pp-php22-R      AAACAGTATTCTTCCAGCAAATAGCGAAGAAATAGAATCCTCTTTAA-ATACTGCGCTTA 170 
Di-php22-D      AAG--GCAATATTGCAGCAAATAATGCTTTGGCAGAACCCCTTTTAGTATAATG---TAA 169 
                **   * * * **  ********  *       **** *   ****  *** **   * * 
 
Pp-php22-D      CTATGAAAAATGCAGATC-GGAAGAAGCGTGTGAT-AATTTAATAATATTAG-TGTGAAT 220 
Pp-php22-R      CTATGAAAAATGCAGATCCGGAAGAAGCGTGTGATCAATTTAATAATATTAGCTGTGAAT 230 
Di-php22-D      CAATGAAAAAAGGGGATC-TTTTGATCTTTGTGAT-AAGTAAATGAT-TTAAGCAAGGTT 226 
                * ******** *  ****     **    ****** ** * *** ** ***     *  * 
 
Pp-php22-D      ATGATGATGAATTTC-AATTAGAGTGAAAGTTATAATACAAGG-TCTATATC---ATCA- 274 
Pp-php22-R      ATGATGATGAATTTCCAATTAGAGTGAAAGTTATAATACAAGGCTCTATATC---ATCA- 286 
Di-php22-D      ATAATGCTGATATTC-TTTAAGAGTATGTGTTTCTAT------TTCTACACTGAAACTAC 279 
                ** *** ***  ***   * *****    ***   **       **** *     *  *  
 
Pp-php22-D      AT-GAAGTTTTAGATCCTAGTATTTTTTCTCTTATATG-ATGGCCTTTGATATTACAGAG 332 
Pp-php22-R      ATCGAAGTTTTAGATCCTAGTATTTTTTCTCTTATATGCATGGCCTTTGATATTACAGAG 346 
Di-php22-D      ATGGATGTTTTAGAAACACCTGTATTTCAACTTGTAAA-ATGGTCCATGACCTTGAAGAA 338 
                ** ** ********  *   * * ***   *** **   **** *  ***  **  ***  
 
Pp-php22-D      TCACCTAT-GAAAAATTTCGTGC-TCTATTTCTGATATC-TTATAACATTA-ACAAATTT 388 
Pp-php22-R      TCACCTATCGAAAAATTTCGTGCCTCTATTTCTGATATCCTTATAACATTA-ACAAATTT 405 
Di-php22-D      CGTTCTAT-GAAAGTTTACAAGC-TCAAAAAATGAAAT--TTGTTAAATAATGCTAATTT 394 
                    **** ****  ** *  ** ** *    *** **  ** * * ** *  * ***** 
 
Pp-php22-D      TGC-TTTATTAAGAATCCCC-TGAT-GAAAGTTATTTTGTATC-GACTTAGTTGCTAATA 444 
Pp-php22-R      TGCCTTTATTAAGAATCCCCCTGAT-GAAAGTTATTTTGTATCCGACTTAGTTGCTAATA 464 
Di-php22-D      TGC-ATTAT--AAAATCTTCTCTACAGAAAACTTATTTACTTC-GATATTATATCCAATA 450 
                ***  ****  * ****  *   *  ****  *  ***   ** **  *  *  * **** 
 
Pp-php22-D      CTCGAA-TCTCTTGAATAATATTATGTC-TATAATTGTCGTCGTAAACGAATTAAACAAT 502 
Pp-php22-R      CTCGAACTCTCTTGAATAATATTATGTCCTATAATTGTCGTCGTAAACGAATTAAACAAT 524 
Di-php22-D      --CAAAATTATTTACGGAAGTTTATTATCTATAATTGTCGTCGTAAA-AAAGTAAA-AGC 506 
                  * ** *   **    **  ****    ******************  ** **** *   
 
Pp-php22-D      -TAACATTTTAAATATAAAACCT-----GGTT---AAAACCATATCTA-TTAAT--ATAA 550 
Pp-php22-R      CTAACATTTTAAATATAAAACCTC----GGTT---AAAACCATATCTACTTAAT--ATAA 575 
Di-php22-D      ATAAA--TTTAAAT---AAGCCTTCTATGGTTTTAAAAATTATATAAA-TCAAAGGATAA 560 
                 ***   *******   ** ***     ****   ****  ****  * * **   **** 
 
Pp-php22-D      AAAGT-ATATTAACAAACA---ATATTAT-ATAAACGGCTTTATCATTTTTGTTATAAAG 605 
Pp-php22-R      AAAGTCATATTAACAAACA---ATATTATCATAAACGGCTTTATCATTTTTGTTATAAAG 632 
Di-php22-D      ATGTTCAT-CTAATAAAGATAAACATT-TCGTAAT---CTAAAACATTTTTTATTTAGAG 615 




Pp-php22-D      C-TTAAAATATCAGAGAAAAGAT-TTATACCATTACTTTTTGAA-GCATTGAATATTTTT 662 
Pp-php22-R      CCTTAAAATATCAGAGAAAAGATCTTATACCATTACTTTTTGAACGCATTGAATATTTTT 692 
Di-php22-D      C-TTTAATCATGAAAAAAAACATACT-TGCCTTTACTTTTTGAA-GTATTGATTATTTTT 672 
                * ** **  ** * * **** **  * * ** ************ * ***** ******* 
 
Pp-php22-D      ATGATGTTTTTGAAGATTGGGAAGACGCATATGA-TTTGCTTGGTTTGAC-AACAATTAT 720 
Pp-php22-R      ATGATGTTTTTGAAGATTGGGAAGACGCATATGACTTTGCTTGGTTTGACCAACAATTAT 752 
Di-php22-D      ATGATTCTTTAGAAGATTGGGAAGAAGCTTATGATATTTCTGGAAAT-ACATACAAT-AC 730 
                *****  *** ************** ** *****  ** ** *   * **  ***** *  
 
Pp-php22-D      TATTTATAGATAAT-TACTTGAACTTTCATTATTAG--TGGTAAATT-TACTA-GTTTAA 775 
Pp-php22-R      TATTTATAGATAATCTACTTGAACTTTCATTATTAGC-TGGTAAATT-TACTA-GTTTAA 809 
Di-php22-D      CAAATTCATATGATTTA-TGGAATATACATTTTTAGTTTAGAATATTCTTCTATATTTCA 789 
                 *  *  * ** ** ** * ***  * **** ****  * * * *** * ***  *** * 
 
Pp-php22-D      CAAATGTC-TTGATAATAAATTATTAACAC-TATTGATGCATTACATCAACATT-ACTTT 832 
Pp-php22-R      CAAATGTCCTTGATAATAAATTATTAACACCTATTGATGCATTACATCAACATTCACTTT 869 
Di-php22-D      TAAATA-----AAAAAAGAAAAAAAAACATACAATTAT-TTTTGCAACAAAAAGTATTTT 843 
                 ****       * **  **  *  ****   * * **   ** ** *** *   * *** 
 
Pp-php22-D      ATAAAATAGCTGAAAATTTTGCTAG-ACTACTAAATTTGAT-TACTTGATTCCTTTAAAA 890 
Pp-php22-R      ATAAAATAGCTGAAAATTTTGCTAGCACTACTAAATTTGATCTACTTGATTCCTTTAAAA 929 
Di-php22-D      -TAAAATA-TTAGAAACTTTTTAAAAACAGATAGAATT-------TTAATC-------AA 887 
                 *******  *  *** ***   *  **   ** * **       ** **        ** 
 
Pp-php22-D      TGTAATTAAT-AATATTAACTTTATGTTTGCTTTTATAC-TTTTTAAA 936 
Pp-php22-R      TGTAATTAATCAATATTAACTTTATGTTTGCTTTTATACCTTTTTAAA 977 
Di-php22-D      GATTATTAAT-GCCTTTAAAAACATATGTAGAATTAAAAATTTCAAAA 934 





















Pp-php23-D      ATGAAATCTCTAGT-TTTTC-TAAATTTAATAAATT-ATATATTATCCTGAT-TTGCTAA 56 
Pp-php23-R      ATGAAATCTCTAGTCTTTTC-TAAATTTAATAAATTCATATATTATCCTGATCTTGCTAA 59 
Di-php23-D      ATG--ACCCCTGTTATTTTAATAAATTTAATAAATA-GTATTTTATCCTGAT-TTTCTAA 56 
                ***  * * **  * ****  **************   *** ********** ** **** 
 
Pp-php23-D      TAAATTTATTTTATCGT-TTTTCAAGATATACAGACAA-ACCTAAATA---TTATA-TCT 110 
Pp-php23-R      TAAATTTATTTTATCGTCTTTTCAAGATATACAGACAACACCTAAATA---TTATA-TCT 115 
Di-php23-D      TAAGTTT---TTATTGTCTTTT---ATTATTCTGTAATTTCTCAAAAAAATTTACAGTTT 110 
                *** ***   **** ** ****     *** * *  *   *  *** *   *** * * * 
 
Pp-php23-D      AT-TAAAATATATTTTTTCCCAA-GACGTAAT---TATAATTA-ATCGCTGTTAAAGCT- 163 
Pp-php23-R      ATCTAAAATATATTTTTTCCCAACGACGTAAT---TATAATTACATCGCTGTTAAAGCTC 172 
Di-php23-D      AT-TTAAATATATATTT----AATGATATACTATTTATAACCC-GCCGCTATAAAAGCA- 163 
                ** * ******** ***    ** **  ** *   *****      **** * *****   
 
Pp-php23-D      TTATGATGTTAACCTCTGT-TTTCCAAAGAGATGT-TAATGAATACTAAACTTAT-ATAT 220 
Pp-php23-R      TTATGATGTTAACCTCTGTCTTTCCAAAGAGATGTCTAATGAATACTAAACTTATCATAT 232 
Di-php23-D      TACTTATGTTAAGTTCTAT-TATCCACAACGTTGT-AAACAAATTCTAGGTTAAT-TTAG 220 
                *  * *******  *** * * **** *  * ***  **  *** ***   * **  **  
 
Pp-php23-D      TAAAATATACGCCTACT-GGTGTCATTC-GTTATTTATTTAAGACTTAATTTTTATGATT 278 
Pp-php23-R      TAAAATATACGCCTACTCGGTGTCATTCCGTTATTTATTTAAGACTTAATTTTTATGATT 292 
Di-php23-D      TTAAATTTGCAAAAAAT-GTTGTATATCTCTTTTTTTTTTAA-ATTAAATTTCAATGATT 278 
                * **** * *    * * * ***   **  ** *** ***** * * *****  ****** 
 
Pp-php23-D      TTAT-CCAACCATTAATTATTTTTCTTATAGACCTAGTGAGCCTTCGAC-GTTATGCAT- 335 
Pp-php23-R      TTATTCCAACCATTAATTATTTTTCTTATAGACCTAGTGAGCCTTCGACCGTTATGCAT- 351 
Di-php23-D      TTGT-CCATTTTTTAATTTGGCTATACGTAAACCT-GTAAA-----AACCAATATGTATT 331 
                ** * ***    ******    *     ** **** ** *       **   **** **  
 
Pp-php23-D      ----GGTCATTTAAAAGAAT-GAAGCATTTTATATTTCCTGGATTTAT-AAACATTTAAA 389 
Pp-php23-R      ----GGTCATTTAAAAGAATCGAAGCATTTTATATTTCCTGGATTTATCAAACATTTAAA 407 
Di-php23-D      AAATGGTCTAATTAAAGAAT-TAGATATTTTGTATTTCCTGGATTTAT-AAATTTTTAAG 389 
                    ****   * *******  *   ***** **************** ***  *****  
 
Pp-php23-D      ATTGC-TCATTGGGAACGATTAGTAACTATT-TCTTTTAAT-AATCTTCGATTAATAAT- 445 
Pp-php23-R      ATTGCCTCATTGGGAACGATTAGTAACTATT-TCTTTTAATCAATCTTCGATTAATAATC 466 
Di-php23-D      ATTTCTT--TTTGGAATAATTCTGTATTATTGTCATATAAAAGAACACTAATAAACATA- 446 
                *** * *  ** ****  ***    * **** ** * ***   * *    ** ** *    
 
Pp-php23-D      TTTATCCTTTATTTTTTCATAAAAC-GCTTATTTAGACTAA 485 
Pp-php23-R      TTTATCCTTTATTTTTTCATAAAACCGCTTATTTAGACTAA 507 
Di-php23-D      -TTATTTTTTACTTTTTTATAAAAC-GCTTACTTAGATTAA 485 








mF Plasmid (Alignment between P. polycephalum DNA and D. iridis DNA)  
 
Pp-mFplasmid-D      CGTGAAAAAGCTTATAAAGAAGTAATGCTTGAAAT--TTGCATGGATATAGGTACATTTT 58 
Di-mFplasmid-D      CGTGAAAAAGCTTATAAAGATTTCAT--TAAAAATACTTGTATGGAGCTCGGT--ATTAT 56 
                    ********************  * **  *  ****  *** *****  * ***  *** * 
 
Pp-mFplasmid-D      TTAAAAGCA-----ATAAGGATCTTTATATG-TTATTTTATTTTATAGAAAATCATTATC 112 
Di-mFplasmid-D      TCAAGATTATCTTCACGAAGATCTT-AAATACTTTTTTTACTATGTAAATAATTTTTATG 115 
                    * ** *  *     *  * ****** * **  ** ***** * * ** * ***  ****  
 
Pp-mFplasmid-D      AACTATATACCAATAAAAAATTAAAAGGAATTCAAAAATTAATGAAATTAGCTAATATGC 172 
Di-mFplasmid-D      TTTTATTTAAAAATCATTATTTAAAAGAAGTTACTCATTTAGTTGCTTTAGCTAAACTCA 175 
                       *** **  *** *  * ******* * **    * *** *    ********  *   
 
Pp-mFplasmid-D      TCGCTAATTTTAACAAAC--CAATTTCTATTAAAAACCCTAATTTTACCTGT-CAATTAG 229 
Di-mFplasmid-D      TAGCGAAA--AAAGAAACAATAATCAAAATAAATAATCCAAATTTTAATTGTATAATT-G 232 
                    * ** **    ** ****   ***    ** ** ** ** *******  ***  **** * 
 
Pp-mFplasmid-D      CTCCTACTAAATTTGTTAAGTTTAAACGTATACAAATAAATAGTTTACGAATAAAATTAA 289 
Di-mFplasmid-D      CT-------AATTTAACTACTGTAA----AAAGAGGTAAACGCCGTAC-AATGAGG---- 276 
                    **       *****    * * ***    * * *  ****     *** *** *       
 
Pp-mFplasmid-D      ATCGTAAACCATATCAATTAACAATAAATCGACCTCACTTTT-CGAATTTTAAAAAATTA 348 
Di-mFplasmid-D      GTTTTAAAAGGTATAAAACCTTACCAAATAGATCTTACGGTTACAAAGTTTAAACATGTA 336 
                     *  ****   *** **     *  **** ** ** **  ** * ** ****** *  ** 
 
Pp-mFplasmid-D      ACAGATAGTTCAAT--AA--TA--------ATCAATAAAAGAAAATTAGCAACATTATTT 396 
Di-mFplasmid-D      GAAAAGAGCTTACTTGAAGCTACTTTTGACATTAATGTCCGTAAACAACAAACATCTTTT 396 
                      * * ** * * *  **  **        ** ***    * ***  *  *****  *** 
 
Pp-mFplasmid-D      CCACCAGATTTTATTCATTCAATGGATGCTATGGTTCCACAAATCGCTATATT-AAAAAT 455 
Di-mFplasmid-D      CCACCTAATTTTATACATTCTATGGATAGTATGGTCGTACATACTTTTCTCTTGAAAAAT 456 
                    *****  ******* ***** ******  ******   *** *    * * ** ****** 
 
Pp-mFplasmid-D      TAATATGCTGAATAA--AAATTTATTTCCTCGAAATATT----CGTTTTAA-TATT-ATT 507 
Di-mFplasmid-D      TATCATGATTTGTAACTACACTAAATT--TTGGTATATTAAATTGTTCTAAGTATTTATT 514 
                    **  *** *   ***  * * * * **  * *  *****     *** *** **** *** 
 
Pp-mFplasmid-D      AGCACTCATGATAACTTTTCATTAGGACAATTATTATTTTATATCTTACCGGAGTTATTA 567 
Di-mFplasmid-D      AAGATT----ATAATTTTTCATGGGGTTATTTATTATTTCCTTTATTACTTT--TTATCA 568 
                    *  * *    **** *******  **  * *********  * * ****     **** * 
 
Pp-mFplasmid-D      TTT--GATATCTATAAGGAAATATTTGATTATAATTATTTAAATACACTTAAAGATAATT 625 
Di-mFplasmid-D      TTAAAGATATCTATTTGGAAATCTATGATTATAATTATTTTAACTCTTTAAAAGATAATT 628 
                    **   *********  ****** * *************** **  *  * ********** 
 
Pp-mFplasmid-D      TTAATGAAAATGAATTTGAGTTATTTATGAACGTTATGAAAATAAATGATCCAT-TTACT 684 
Di-mFplasmid-D      TATCTGAAAAAGAATTTAAAG-ACTTAATATCTTTTT---ACTCCTTGTCACGTGTCTCC 684 
                    *   ****** ****** *   * ***  * * ** *   * *   **   * * *  *  
 
Pp-mFplasmid-D      AAAGATGATATTATTAATCCTAATATGATGAAATAT 720 
Di-mFplasmid-D      AAAAATAATATCACAAATCCCAATTTTATGAAATTT 720 
                    *** ** **** *  ***** *** * ******* * 
 
 
